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PREFACE. 


During the last few years the condition of Physical Science in this country 
has been essentially changed. Toncretely, science has received more ample 
recognition from tlie State, and from the i‘ublic at large, than ever before : 
indivuUuilly, each science has progressed rapidly; discoveries have multiplied 
as the number of science-students has augmented; and the results of research 
have been disscminateil by means of more complete and extensive courses of 
scientific instruction in our Universities and Schools. In fact, science is alto- 
gether less esoteric than it used to be : it has ceased to be the study of the 
chosen few, and it thus happens that the language which it adopts, is being 
received more and more into the language of every-day life. We miust remem- 
ber, however, that the facts and deductions of science accumulate very quickly, 
and are often of a complex and recondite character, jiarticularly in the form 
in which they are first presented to the world by those who discover or 
elaborate them ; lienee they ever require to be simplified and ])Oj)ulariscd 
before they can enter into the general literature of a community. I'he secrets 
of Nature do not come to us in a direct manner, for the natural philo.so])her is 
I^aiunc minister ct interj^rcs, and the interpretation of Nature is scieiu'c, and 
tlic interjircters of science are scientific works. To be such is the object of 
the following i>agcs, and with this in our view we have given as complete an 
account as the space permits, of the more strictly experimental sciences, 
tlivested as liriich as possible of abstruse treatment and difficult formulte. 
Recent results and generalisations have been added, and each science, although 
scattered throughout the book, is connected and comifiete in itself. Ready 
reference has been faclKtated by breaking up a subject, whenever it could be 
done without detriment ; and fre(]u*jnt cross-references have been introduced, 
both for^he maintenance of continuity, and for guiding the mind to collateral 
subjects. 
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PREFACE. 


The abstract sciences of Algebra, Geometry, &c., and the classificatory 
sciences of Botany, Zoology, &c., are not within the scope of this work, whiclr 
is confined to — 

r. Astronomy. 

2, The Sciences usually included under the term Physics, viz., Statics, 
Dynamics, Mechanics, Hydrostatics, Hydrodynamics, Pneumatics, Sound, 
Light, Heat, Electricity, Magnetism, Meteorology. 

3. Chemistry. 

Astronomy enters tlie domain of the abstract sciences ; Chemistry that of 
the classificatory sciences; the wide gap between the two is filled by Physics 
proper. The classific.atory sciences, both inorganic and organic, will form the 
subject of other works in this series. 

During the pass.age of this work through the press no scientific discoveries 
of import^itce have been made. Wc have, however, thought it advisable to 
introduce abstracts, of several of the papers which were read at the T.iverpool 
meeting of the British Association for the Advancement of Science, held in 
September last ; together with notices of articles in various recent numbers of 
scientific periodicals. Wc therefore believe that the following pages contain 
a full record of the results of scientific research during the major part of the 
year 1870. In addition to the subject-matter given with the List of Contri- 
butors, may be mentioned various articles relating to molecular physics and 
theoretical chemistry, by Mi'. Tomlinson and Mr. Bottomley. I'he Editor also 
desires to express liis acknowledgments to Mr. W. F. Barrett, Professor 
Heaton, and Mr. G. T. Atkinson. The article on Musical Intervals is the 
joint work of Mr. Wormell and Ms. Murby. The Introductory Essay relates 
mainly to various subjects of interest connected with the earlier history of the 
sciences of which this work treats ; their later history and present aspect will 
be found in the text itself. 


G. F. RODWELL. 




ON THE 


HISTORY OF THE PHYSICAL SCIENCES. 


Tt is mineceHsary to ^ive here a complete, or even very connected history 
of Jie rijysicjil Scieuccjs, hccausc tlie succeeding ]»ages ol' tliis work con- 
tain th(i ])iincipal hirstoricul data connected with the various sciences 
which we have there discussed. Thus, it would bo a waste of space, and 
of the vejidei’s time, if we wore to do more than refer to the astronomical 
system of Copernicus, or to the princijilc of Archimedes, hecause under the 
headings, Coprrnica'n, and Archimedes, I'rineiple of, the desired 

iiifomi.ation will bo fouiul. Altlurngh tlie facts belonging to each science 
are of necessity scattered throngliont the work, the liistorical portion of 
the subjects will be usually found under the Loading of the science, as, for 
example, under AUronomif, Ibut, Mechanics^, Khrtric/ii>f, McLrorolvijy. We 
propose, therefore, to consider here certain points of liistorical interest 
which (io not come within the scope of the after-part of the work, — such 
as tile riiysical Science of the Ancients, and the causes which have 
i‘ctar<led the progress of science. 

Of the Phyncal Scienee of the Ancients. 

All mental action is I'esolvahle into two distinct modes; there are pos- 
Biblc to us two dolinit-e forms in which we can exercise our intellects. 
The lii-st of these is an action of pure subjective reasoning, an action 
neither external to the mind, nor induced nor actuated by external causes, 
but essentially iutihisic, by means of which we ascertain the nature of the 
laws of thought, classiiy and analyse them, and assign special functions to 
them. TJie second is an objective action, an action induced by external 
causes, and by tha,t wliicli is capable of direct recognition by the senses. 
We arc prepared, 'therefore, to find that pliilosophy has in all ages been 
divided into two distinct parts ; the one having roierence to the investiga- 
tion of tile lawA of thought, and to influences unseen and incapable of 
direct recognition by thp senses ; the other relating to the investigation of 
nature, to the study of the material# universe, the laws which govern it, 
and their manner of operation. The former kind of philosophy is some- 
times called Metaphysics, the latter Physics nature). 
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Socrates was the first to introduce mental philosophy into Greek philo- 
sophy. Ills disciple Plato called the philosophy of mind “ dialectics,” and 
distinguished it Irom physics, as the science ot the eternal and immutable, 
from the science of the mutable Aristotle called the Platonic dialectics 
in an extended form, ‘'the h^‘^t philosoiihy,” and physics, "the second 
philosophy” The teim metaiihysics did not appear iii philosophy until 
long after the time of Aiistotlc, it w.os intioduced by Andionicus of 
Rhodes (» C 58), (one of ins many commentators), who jirefixcd tlie words, 
r& fisra ra <pj(tixd to fourteen books without title, whicli he found among 
the JMSS of Aiistotle The teim has been" since retained in spite of its 
want of applicability 

Metaphysics and Physics have always been more or less connected, and 
at an eaily peiiod, the distinction between them was less obvious than it 
has since been In the fust ages of philo&o])hy, tlio two were closely 
blended, in a Litei age they weie entiiely disseveied, later again theie was 
a slight union ot the two at certain pomts ot contact which had not bcfoie 
appeared Tlieie was undoubtedly a ciudc fonn of jiliysical philosophy 
coeval with the use of mental philosophy, but the foimei can hcaicely be 
said tp'have existed foi iiioie than two centuiies Compaied -with the 
philosophy of mind, the philosophy of mattei is essentially modem ^J'hcio 
weic vast and* exhaustive tieatiscs on the one, betoie the othei had 
received any develo])nient whatsoever In the Platonic iihilosophy, we 
find the giandost developnieiit ot a pine philosophy ot mind, but at this 
time, ami twenty ceiituiies Liter, theic was no physical system which 
could picfond to any degieo of coiuxdetcnoss 

The ine-SociatJc jihilosiihers made many attempts to ariive at the 
causes of natuial xilienonieiia, and to find an e\])Lination in natuie ot the 
comxilex inaclunciy of^the niiiveiso, AVe obseive in the eailier systems a 
very marked Icndeiicy to assigp a fust place to some one entity , a piiraal 
element, fioin which all otlieis emanate Thus Thales consideicd water 
the first elenieut , Anaximenes, an, and Jleiaclitiis, fne Thales 
f640-55l) li c) has been called the “fust of rStatuial I’hilosophers,” and by 
Lactaiitiiis, “the fiist who inquned aftei Natural Causes” He taught 
that eveiytlinig is luoduced from water, and returns to it again, and that 
the earth floats ujion -water He said that the soul is xivi^rmov, tliat is, 
having tiic jiGwer to move, and that hence rubbed amber and the load- 
stone iiavo souls, because they are capable of attiacting, the one liglit sub- 
stances, the other iron This idea of the soul of inanimate things ap^ieared 
very prominently many centuries later in tlie writings of Jerome Cardanus 
and others Again the idea that water might become earth was very 
generally received for iiioie than twenty centuries after tlie time of Thales, 
among those who wiote on the subject may be mentioiie^l Van Helmont, 
Boyle, Eller, Kiaft, Hales, Huhamel, Stahl, IJoerhaave, Margraaf, and 
Lavoisier. So late as 1770, Lavoisiqr published a papier in the AIemo%rs of 
the i'roich A.cadcmy, “ou the Natnie of Water, and the experiments by 
■which it has been attempted to prove the possibility of changing it into 
earth ” In this he clearly disproved the Thalesian dogma, by showing 
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that if water were boiled for a length of time in. a glass vessel, the earthy 
substance which was found at the bottom of the water did not lesult 
from the conveision of water into eaith, but from the disintegration 
of the substance of the vessel Some went so far as to assert that 
water hardened by long frost becomes rock crystal Boeihaave devotes 
a passage m his Elemcnla Chemue (1732) to answering the question, 
“Whether water be con veitible into eaith,” and he deciilc*= in the nega- 
tive It was also believed that water by boiling was converted into air , 
in fact, that while some became earth, anothci poition of i£ became air. 
Many expeiiments wcio made' with a view of proving oi disjiroving this 
notion These tacts show us that at a comparatively late period some 
of the physical ideas of the ancient i>lulosoj)hcis were admitted 

Anaximenes, a disciple of Thales, regarded air as the piimal element, and 
considered clouds to result fioin the condensation ot an, ram fiom the 
condensation of clouds, and hail from the condensation ot ram He 
appeals fuither to luive legaided cold as an action of condensation, and 
heat as an action of rarefaction 

In defining his primal element, — fiic, — Heraclitus (about I5C 513) 
to a ccitam extent, desciibed the attributes of what has since bec-n called 
a ])hysical foice It is, ho says, pcipctnally undeigoing transloimation, 
bill- ultimately returns to its origuial form, it is precedent to matter, and 
IS the motive power of the universe, and the producer of all tlie phenomena 
of nil true The most perfect idea of a loicc intluencing niattei, and ])io- 
duciiig phenomena by material changes is nndouhtedly to be tonnd in the 
theosophy of tlio ancient Hindus, toi Jhalime peisoiiilies the actuating toice 
of the Him else, the wish, will, action, of the Bust Cause exeicised in nature 

The I’yCtagoreaus somewhat lehued the ideas of then jnedeccssors by 
introducing the notion of the existence of liarmony and order in the 
affairs of nature The I’ythagoiean philosophy was, however, so exces- 
sively mystical and esoteric, that it is impossible to say m what light 
these ideas weie viewed Pythagoras (54U-500 nc) is said to have lust 
introduced mathematics into philosophy, in order to abstract the soul fiom 
coiporeals, and cause it the better to contemplate and comprehend the 
incorporeal and eternal He also first employed the term Philobophy 
— the love of wisdom, and wisdom is the science of truth The Pytha- 
goreans are sard by some to have regarded the sun as the centre of 
the universe, and to have taught that liom it heat and light, and indeed 
life, radiate into the world 

Empedocles (4^0 b c ), instead of giving prominence to some one ele- 
ment after the manner cf many of his predecessors, admitted the existence 
of four elements, — earth, water, air, and fire, — which are acted upon by 
two forces, the. one attractive, the other repulsive Thus he united the 
corpoieal elements of former philosophers with the moving and actuating 
force of Heraclitus QJfiis associatiori of force with mattei is an impoitant 
step in the direction of a complete* physical system The four-element 
theory was ^Umost universally adopted during the Middle Ages, and even 
so late as a century ago, it was accepted more or less widely. Thus, it 
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endured for twenty-three centuries. It was not finally disproved until 
earth, water, and air were proved by chemical analysis to be compound 
bodies, while fire was shown to result from intense chemical comln- 
Hation. 

The idea that all things aie composed of minute indivisible particles or 
atoms, seems to have originated in India long befoie its introduction into 
the philosophies of Leucippus and Democritus Kauada, the founder of the 
Nyaya System of Hindu plidosophy, taught that all material substances 
exist first Its atoms, and alterwaids as aggregates of atoms At the 
creation the atoms fell together to produce air, then liie, a greater conden- 
sation piodiiced water, and the gieatest cartli Democritus (460 B c ) 
taught that all matter is composed of indivisible particles, winch are 
impenetrable, and difier fioin each other in weight, form, and size, hut 
not in composition The pioductioii of inateii.il lornis is duo to dif- 
ferent an.ingements of tliese atoms, which are actuated by necessity or 
fate They are invisible by reason of their smallness, indivisible 

by leasoii of their solidity, and unalterable Tliey arc infinite m number 
and various in form They possess an oblique motion in the vacuum, and 
wlicn they fall together, by tlioir cellisiou and entanglement, they piodiice 
all things Demociitua a&seiLed that theic is a v.icnum m n.ituie, other- 
wise motion of the atoms wouhl be impossible, because there would 
be no place to leceivo thorn Centuncs l.xtei, this question was discussed 
on the one side, the assei ted tliat a v.iciiiim (or sjuice peiicctly 

devoid ol inattci) was an iiiqiossibility , while, on the otlici, the Vacui^fs 
maintained that a vacuum u’as possible, and could be produced by aitifi- 
cial means Among the Vacuisls weio Otto von Guciicke, Pascal, and 
Boyle, and among the Plcuists, IMoisounns, Hobbes, and the Caitesians 
Bo^lc (writing in 1602) describes tlie lattei as “the subtilest and waiiest 
champions loi a plcnufn 1 have yet met with ” 

Anaxagoras (n c 500) to a ccitaiu extent united the tenets of pieceding 
philosophies, and introduced a designing intelligence (wiJs) as the govern- 
ing cause of the universe, and the producer of all motion lietoie the 
creation, tliere was a chaos of intenniiigled paiticles ot m.ittor, winch were 
arranged in an oideily manner by the voitical motion of the noCg, hy which 
means like paits (o^wo/tsge/a/) were brought together into one place, and 
aggieg<ated into masses The voUg is strictly “a mover of matter,” it took 
the place of the avdyxtj of Demociitus, the actuating force of fire of Hera- 
clitus, the moving force of Empedocles The ifioiofttieiai to a certain extent 
represent the atoms of Leucippus and Democritus According to some 
writcis, Anaxagoras was the first to introduce the idea of a rapidly 
moving subtle medium, or ether, as the cause of various phenomena. 
This idea has from the earliest ages been inseparable from Physical Philo- 
sophy , it was admitted in both the Sanch’ya and Nyaya systems of 
Hindu philosophy, and by various Greek philosopJiers, notably Aristotle, 
who made it a fifth element. In the* present day, this notion of the ether 
is admitted more fully than ever befoie. 

Socrates (&, 469 b c.) did not admit physical science into hia system ; he 
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asserted that it was unwise to leave those alfairs which directly concern 
man, in order to study tliose which are external to Inin I^atuial pheno- 
mena are heyond the reach of man, and beyond his knowledt'e , liencc the 
endless controversies concerning the first clement and the manner of 
creation Again, even it a knowledge of the causes of natural -phenoniena 
could he gained, it would be perfectly useless, because we cannot pioduce 
them or modify them. If we knew the causes of the seasons never so 
well, we could not alter them As far, however, as tliesc studies conduce 
directly to the advantage ot mankind, they may be followed, thus, 
geometry applied to measuring, and astionomy in so far as it is useful to 
navigation, were allowed as legitimate studies by Socrates, but bo deemed 
it- idle speculation to inquire into the nature and distance of the stais The 
object and end of all philosophy should he a knowledge of line’s self 

, all other philosophy is useless, and docs not promote the w cl- 
fare of the human lace 

In the philosophy of Plato (h 429 nc), we find a completion of the 
Socratic philosophy, and to a ceitain extent the muon of pievioiis ])hiloso- 
phical systems St Augustine (JM Givdcde l>c%, hb vui ) says tliat pliilo- 
sophy eonceriia itself either with the practice of moral actions, oi with the 
contemplation of physical causes Pj^thagnras had excelled in tlie latter, 
Socratos m the former, while Plato produced a comiilote and peifoet union 
of the two ^Matter, according to Plato, is that which receives loinis, as 
a wax tablet receives iin pi cssions , it is potentially a definite thing, jiist ns 
biass IS potentially a statue, because it can nssuine tlie foim of the statue. 
“J’osnciunt anvm. MitUuam tanquam pnblicam merctiicem,” sajs Fiaucis 
llacon, in speaking of ancient philosophy, “foimas voro tanquam [uncos” 
Plato tr light that tlie caith is the ccntic ot the universe, and this notion 
foimed the hasis of the astronomical system of Ptolpmy, winch pi evaded 
for many succeeding centuries The shape of the caith is that ot a sphere 
■ — the most perfect, the fairest and most unifoim of figures, and its 
motion IS ciicular, the most pcifoct foim of motion Plato ailmitted the 
tour-element tlieory, and classed all animate beings as creatuios of tnc or 
light, of air, of water, of earth 

Aristotle (b o8j b c) waote more voluminously on physical pliilosophy 
than any of his predecessois Theodorus calls him the “perfecter of 
physics.” To the lour elements of Ins predecessors he added a fifth, — the 
quinta essentia, or fifth essence, nioie divine than the others, a subtle 
medium in perpetual circular motion, and conteinng motion upon the 
other elements. The earth is a sphere, and is the centre of the universe, 
then comes the sphet-e of the planets, in which he includes the sun and 
moon, then the heaven of fixed stars, which is near to the Moving 
Cause The completion of everything is the appearance in full actuality 
{ivigytia) of all that it potentially possesses Matter and form pass into 
each other In his work on “ Meteors,i,’ Aristotle classes comets, rain, mist, 
and dew, together as meteors Mist is caused by the condensation of the 
vapour m the air into vtry small drops, and the aggregation of these produce 
the larger drops, which constitute lam. Dew is caused by the condensation 
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of vapour a short distance above the earth Light is an eflect produced 
in a thin medium, and la by it conveyed to us , sound is a motion of the air 
conveyed to the ear , echo is reflected sound, and light is capable of similar 
reflection The physical philosophy of Aiistotle prevailed almost univer- 
sally during, the Middle Ages, 

Among the ancients theio was no real physical science We have re- 
coid Qf a few<letailed cxpoiimcnts, such as the observation of Thales, that 
rubbed amber attracts light bodies, the pi oof adduced by Anaximenes to show 
the materiality of air, and the notice of a few magnetic effects given by 
Lucretius , but these were solitary examples, and led to no result Many 
philosophers openly expressed their contempt foi a philosophy which did 
not directly concern man it is possible, they said, to impiove the con- 
dition of man and ennoble Ins mental faculties by oiir ethical and logical 
systems, why therefore should we go out of onr way to study nature, 
whose actions and opeiations we cfin never influence WJiy should 
we study the stais wliile we neglect that which is under our feet 2 
Human plnlosophy was always placed bcfoio natural philoso]ihy 
Diogenes Laeitius says, that in philosophy we have Logic lust. 
Ethics ‘second, and Physics last, because the two foimer picpare the 
■ mind lor a right contemplation of the latter, since Nature is the more 
divine Some have compared philosoxihy to an 01 chard lull of all manner 
of Iruit, in whicli Physics lepieseiits the trees, Ethics the ripe Iriiit, and 
Logic the strong fence I’ossidonius likens it to a living creature, of which 
Physics repieseuts the blood and flesh. Logic the neive.s, Ethics the soul 
It must be conlessod that these eompaiisons are singularly inappropiiatc. 

The ancients made progress in mathematical and observational sciences . 
thus astiouomy and geometry received considciable development in their 
hands Astiouomy undoubtedly oiiginated in Clialdea, ami it was studied 
by the Egyptians, the Chinese, and the Hindus, at a veiy eaily date The 
science passed fiom Egypt into Greece Thales dctci mined the lengtli of 
the solai year, and is said to have calculated eclipses I’ythagoias asserted 
the sphoiical loim ot the earth, while Meton, 01 his immediate successors, 
invented the mctonic cycle Hippaichus made a number of astronomical 
reseaiches , indeed, it is wonderful that he did so much without the aid of 
the telescope, lor he determined vith some accuracy the motions ot the 
sun and moon, and discovered tlie piecession of the etpimoxes. Ancient 
astronomy closes with Ptolemy, whose system was umveisally accepted 
duiing the Middle Ages, and until the tunc ot Galileo 

In the hands of Aichimedes several sciences had tljeir origin, among 
them JMechanics and Hydro-mechanics He u rote on tl'ie centre of gravity, 
and some of the mechonical powers and we yet find in our text-books the 
Pmuiplc of Ar chivied cs, which aftiims that when a body- is immersed m a 
liqiiid it loses a portion of its weight equal to the iveight of tlie liquid 
which it displaces Aichimedes was followed bj* Ctesibms and Hero of 
Alexandria The invention of the force pump is ascribed to the former, 
while the latter reduced all machines to combfnationsiof the fi'^e mechanical 
powers (Auvaaeig), a division which we still retain. In the UKVfia.Tix.tt ot 
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Hero we find an account of various machines The elasticity of the air 
was well demonstrated in Hero’s fountain, actuated by conipiessed air 

I'he four-element theory is undoubtedly the oldest and most cnduiing 
idea which has appeared in the whole history of sejence We must be 
caieful, however, not to confer upon it a too limited significance The 'ele- 
ments, file, air, water, and eaith, were not regarded in their strictly literal 
sense by the ancients, but rather as types of classes, and some such lude 
classification must of necessity exist in the early stages of physical luquiiy 
With Jirc they classed light, heat, flame, incandescent bodies, lightning, 
and all visible manifestations 'of electiicity With ai/, sto.iui, Miiuhe, 
and everything of an aeiitorm natuie All litpiids were classed with 
the element water, and all solids Aveio classed with c/trtJi Thus the 
foul ancient elements weic types of great classes, winch in their entnety 
conipiehended the universe , they typified the three conditions of iiiatter, 
solidity, lifjuulUy, while the physical foue cxeicisiiig ifself upon 

matter, — tlie something more cthcieal and iliviuc than mattei — nas lepre- 
sented by fuc The ancients feigned that Ihoinctheus li.ul cl imbed to 
liOi-von anti stolen fiie tbeiefiom with which he vivified manlviiul, and the 
functiou of file in their physical systems is well e\'eni])hficd by thiS story 
Fire was the hovI, while an, water, and eaitli, together constituted the 
hody 

Tlie ancients, ive lepeat, possessed no system of cvpeiimontal science, 
noi did they ever attempt to mstitnto or develop such a system Nat in o 
piped onto them as she pipes unto us, but their cars w'cio not attuned to 
the sounds Yet they watched the various phenomcua of the universe 
us we wmtcli them, the ceaseless loinid of change , tlie ever dying of the old 
foiiii, the ever pioductioii ot the new Tfiey traced the coiiisc of the slai'i, 
and aeated gieat systems ot astrology in their attempts to associate 
mundane nffiiirs with supra-mundanc iiitliieiice ^hey listened to the 
surging of the restless sea, and sought to account for its iiiotmns They fol- 
lowed the sinking sun with their eyes and minds, and wdioii the ilaikncss 
came they fell dowm and piaycd foi the letiun of vivifying liglit and 
heat , they greeted his rising with then moiiiiiig ]irayeis, and with thanks- 
giving AVhcii stoiins came they hesonght the gods ot the fiimauient to 
spare then lives, and rested till the teiioi was overpast They weie full 
of aw'e ot the powmis of natuie they womlnppod fearing Tiieir woisliip 
of nature was a true dcisedairiiouia 

Phjjsical Science during the Middle Ages 

Physical Science, in common with all other subjects requiring an exer- 
cise ot iiitollcctual power, made but little progress during the Aliddle Ages 
The system of Aristotle was almost universally icueived, and with it the 
four-element theory Tliere w'as, however, one notable exception to this, 
for tlieie liad aiisen a sect of men whose pursuits led them more or less 
directly to sthdy tlie intimate nature of matter, and the conditions of its 
change under varied and foiced conditions These were the Alchemists, whose 
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principal object was the transmutation of the baser metals into gold, and 
as secondary pursuits, the discovery of an universal solvent, and of an 
elixir-vitae, or elixir of perpetual hfe The alchemists rejected the four- 
element theory, and adopted three principles which they called, respec- 
tively, Sal, Sulphur, Mcicii-iiiis These represent peifectly the four more 
ancient elements , but as the alchemists delighted m mystery they ignored 
the tfetms of the ancients, and introduced a paiallel but more obscure senes 
of words. The sal, sulphur, inercurius, of the alchemists, are principles, 
not substances, not ioi 2 >(r>a, the words aie not to be taheii in 

their strict sense, they are analogues, representative bodies, and, like the 
four elements of the ancients, they are types of gicat classes LTudei tlie 
term sulphui, the piinciple of combustilulity, they included jiic, mt and 
water (gaseity and liquidity) aie included under the term meiciuT/, while 
earth IS included undei the teim salt, the principle of fixity hikI solidity 

During tlie Middle Ages a great mass ol supcistition and false science 
was introduced into Euioiie mainly fioni Eastern nations, and for many 
centuries retaidcd the piogress of science Alchemy also came fiom the 
East, and may bo classed with the otliei gicat dcdusions a’hich in all 
countridfe are found at some period or other At this time aiosc many 
of the fifty -four inodes of divination in uhich our aiiccstois put faith 
less than two centimes ago, and in some of which a not iiicoiisideiaLle 
number of our couteinpoiaiies believe Such weic astiology, necromanoy, 
cliciioniancy, and cephalcomancy Such is our ihodeiu spiutualism We 
have tiaced clsowheie the development ot a mystical plnlosopliy of the 
seventeenth century, in which will lie found many supeistitions of tins 
nature Their cflcct, while it lasted, >vas CAticinely detriinontal to the 
advance of I’liysical Science 

There were but few >yriters on Physical Senmee during the iNl iddlc Ages 
Among them may be mentioned — Phases {h 840), who shed gieat lustic 
on the Academy of Jlagdad, which at this time was very impuitant, and 
is said to have possessed observatories, laboratories, and lihiaues lie 
was the autlior of a gieat number of tieatises on Astioiiomy and Clieimstiy, 
and won for himself tlie title of “the Expcrimentei ” JVlany of Ins works 
have never been translated, and aie buried iii IVladiid iii the library 
of El Escoiial with so much else that wouhl enlighten us in the matter of 
Middle Age lore Avicenna (6 980), w^as learned in the mathematical 
works of the ancients, and in the Alma(/eslnm of Ptolemy the astronomer, 
to winch he added certain astronomical obseivations , he also wioto on 
alchemy and chemistry Alfonso X King ot Castile .(i 1223, d 1284), 
appears to have been a most exceptional Middle Age monarch lie was de- 
voted to astronomy, and the celebiated “Alfonsine Tables ” wcie compiled, 
during his reign, and under his auspices. In the eleventh ^mitui y Alhazen, 
an Arabian mathematician, wiotc a treatise on Optics, which was translated 
into I.atiu several centuries latei Vitello, a Pole, commented on this work, 
on a treatise written in 1270, and added many optical observations of hia 
own , among them ho discussed the rambow, and the nftture of tlie refraction 
if light. Eoger Bacon (6. 1214, d. 1292), was perhaps the greatest expen- 
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menter of his age, and one of the very few lights of science of the Middle 
Ages His works contain an account of vaiious optical and chemical 
experiments, many of which wcie undoubtedly acquired from Aiabic 
sources llis most imjiortant woilc, the “ Opus Majus," was not pub- 
lished till 1733 , it IS Iree from the enigmatical writing which charac- 
terises Ills other pioductioris, and in it he discusses, with singular clear- 
ness and force, many points of scientific method whith weie after- 
wards developed in the Novum Organuin of his great namesake Francis 
Bacon. 

Physical Science during the Sixteenth Century. 

The sixteenth century is not very notable in the history of Natural 
Philosophy The labours of many men who were eminent m the scientific 
world duiing the succeeding contuiy weie, however, commenced at the 
end of this century, and it must always be associated with the names of 
Copeiuicus and Tycho Brahe The loimer was born at Thorn in 
Prussia in 1473, and hia great work on astronomy (Astiononiia In- 
staurata), was publishe*! in 1543, a lew days only betoie his death. 
During tins century there were but ten supporteis of the Coper- 
nican theory in Europe Tycho Bmhe applied himself to astiononiical 
observation, and collected together a great mass of matter, although 
unaided by the telescope, he made a very extensive catalogue of stars, 
which was published in 1002 A tieatise on optics by Mauiolycus 
of Messina appeared in 1575, which, however, scarcely added anything to 
the fact's described by Eoger Bacon many years earlier Baptista Porta, 
whose Natuiul Magic was published in 1589, invented the camera ohscura 
Towards the end of the century Guido Ubaldi (h 1540), published a 
work of some importance on iiiecliaiucs, and Steviftus of Binges (6 1548) 
added to our knowledge both of mechanics and hydiostatics , Jerome 
Cardan and Nicolas Tartaglia also wrote on mecliaiiics Galileo, whose 
name we meet with so frequently in the scientific records of the next 
century, was born in 1564, and before the end of the century had dis- 
covered the isochronism of the pendulum, and the laws of f.ilhng bodies 
The most important work on jihysical science which appeared in England 
during this x>oriod was Gilbert’s De Magnete, the birth -xilace of the sciences 
of electricity and magnetism. 

Of a Mystical Philosophy of the Seventeenth Century 

% 

During the fifteenth and sixteenth centuries several unimportant systems 
of Physical Philosophy arose, in all of which mystical lore, collected from 
various sources, was blended with Aristotelianism It will be a matter of 
interest to discuss in^some detail one of these systems, because the pro- 
gress of Physical Science was retaided to an unknown extent by these 
false philosaphies. ^Ve have chosen for this purpose the philosophy of 
Eobert Fludd (5. 1574, d. 1637), which was one of the last efforts of 
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eastern mysticism to unite itself with modern thought At the time 
when Fludd wrote, Galileo was making the most brilliant discoveiies and 
laying the foundation for exact expeiimental investigation, while Francis 
Bacon was writing those noble woiks which have guided us in the pur- 
suit df science to this day The philosophy of llobert Fludd is not typical 
of the period in which ho lived, it rather typifies the thought of times long 
past ’ "Fludd was not a veiy staunch conscivativc, but he was far too con- 
servative for that age of progicss , in a very few respects iio was ahead of 
Ins contemporaries, in some lie kept pace with them, hut in nu.ny he lagged 
far behind them lie was not one of the gieat thinkers of his d.iy, but die 
was a man of the most varied learning, and un weaned in Ins labouis, he 
was called the searcher in that he was ever piying into the secrets of iiatuie, 
and he ivas accounted “strangely piofound in ohscuie matteis" Brucker 
{“ Inshiutw7ics Ihstonai Philoseyplmee”) says of him, “ Cnni imcgiiiatioius 
vehenicntia fiueret, et Paiacelsica, Cabhalistica, JMagica, vetera, nova, in 
unum confundcret, cpiibus tanieu hand jiaucos erudita, et a naturali ex- 
penentia desumta adnnscuit ” 

According to Fludd, God is the beginuing, the end, and the summation 
of all things Tlie act ot cieatiou is the scpai alien ol the active principle 
(Vohniias JDiimia) repiesentod by light, liom tlie pa-isive piiiiciple 
(Noluntds J)ivtna) represented by daikness By the inleiaction of these 
piinciides oveiything is jiioduced Tlie muveiso is coiiiposod of four 
worlds the aichotjpal W'oild in which the Deity speci.dly manifests him- 
self, tlie angelic, inhabited by angel.s, who aic tlie diicct communicatois 
of the Dniiio will, the stellai, containing the planets and all the heavenly 
bodies, and, lastly, the earth and the cicatiircs which inlic'ibit it Those 
foui ivoilds may be i educed to thiec — viz, the aichetyiial ivnild, the 
maciocosm, and the macrocosm, or God, the world, man The aichetypal 
world IS foiiued of three manifestations of the Deity icpresented by the 
thicc Bcisoiis of the TiiniLy God in this threefold chaiactei presents the 
image ot a ciiclc (which lias ever been the symbol of perfection), “ cujus 
centiuiu cst in omnibus, ciicunifeientia extia omnibus” The greater 
woild or macrocosm (/Lax§h{ xoe/xo^ is an emanation fiom God, and is 
divided into thicc legions coiiespondiiig to the three reisous of the 
Trinity — viz, the empyical region occupied by angels , the etheieal region 
or heaven of fixed stars , and the eleincntaiy region occupied by the earth. 
The lessor woiId or microcosm (fiixght xogftoe) is man, because he presents a 
counter pait of all the parts of the macrocosm The head coircsponds to 
the emjiyroal heaven, the breast to the ethereal heaven, and the stomach 
to the elemciitaiy region The different paits of tlie niacioeosm liave 
repiesentativcs in the iniLrocosin, and these correspond by the law of 
sympathy, and necessarily are influenced the one by fJlie other This 
system of the world was icvealed, accoidiiig to Fludd, by the Deity to the 
fust man, and by him tiaiisuntted fo the Patiiarths and Moses The 
three gieat philosophers of antiquity — PytJiagoias, Plato, and Hermes 
Tiisinegistus — adopted it from the Bible, but madtf many alterations in 
leproducing it. Aristotle, on the other hand, was not acquainted with the 
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sacred writings , his hooks are full of follies and errors, and ho has heen 
the cause of infinite heresies 

It will be noticed above that Tludd speaks of Ilermes Tiismegistus as 
one of the three greatest philosophers of antiquity , and fiomtlic fiequoncy 
with which he quotes him -we should be inclini'd to think that he 'is con- 
sidered the greatest of tlie three Ilermes Trismegistiis is often confounded 
with the Egyptian God Tlioth, the inventor of nuiiibers' and lefctcis, but 
they aie distinct According to Clemens Alexandiinns, Hermes was an 
Egyptian, and the author of foity-two liooks which his ooiintrynicii tieated 
with the most profound respect, and wore wont to cany in their religious 
processions Tiinty-six of these (including four on astiology) contained 
all the philosophy of Egypt, while the remaining six treated of mcdiome, 
anatomy, and the cure of diseases In the temple of Hermes at Thelcis 
ho IS rcpicscnted vith a staff having a snake tinned loiind it, fiom which 
cinblein the Caducous of Meicury may have been derived Some make 
Ileimes a piiest and jdalosophcr, wdio lived a little aUoi the time of IMoses , 
others, a contcmpoiaiy of Osnis However all this iiidy be, it is certain tliat 
sevGial books appealed dining the ^Middle Ages whicli el.uiucd ITeimes 
Trismegistus as then author, and it is equally certain that Ihey were 
written hy Neo-riatonists and Gnostics duiing the eaily centimes of the 
Chi;i&tian Eia. Eludd has diaiin largely upon the supposed uoiks of 
Hermes, his cosmogony is iieaily the same as that of Heiines, and much ot 
the supoinatuial machineiy which he introduces is douved from the same 
souicG Eiom this cause the philosophy of Eludd is stioiigly tinctuied 
with Hco-riatomsm 

aic inclined to regard as Eludd’spimcipal woik, Wc IListoy la Mnero- 
cowii, which was published at Oppcnheim in 1G17 and 1C18, and ivlnrh 
we will consider somewhat in detad It is entitled, " Ulnii^qiir ('o,wii 
mujoiis scilicet ct muiorts mctaiilujsica, physira, atcpic tcdimca histoi la,” and 
IS m the form of a closely-piinted folio lull of copp('i-])lates It is dedi- 
cated to God, as was not unconimon at a somew'hat eailier period — “Deo 
optirno maximo. Creator! inco, incompicheiisihib, sit gloria, Ians, honor, 
benedictio, et victoiia timmphalis, in seciila scciiloium Arnen” Then 
follows a dedication to James I in language wdiich must have been 
rather too laudatory even for that vainest of inonarchs Aftei tins we 
have one of the large emblematical designs in wliicli mystical wiiteis took 
so much delight , a design in winch the caitli ioims the ccntio of a ciiclo, 
while cherubim and all the host of lieavcn form the circiinifei once Im- 
mediately around the earth we observe three circles within which appear 
respectively typical iiiodiicts of the animal, vegetable, and niiiieial king- 
doms as adapted by ait to the uses of mankind, a louith ciicle contains 
types of the’libcial arts, a fifth of the mineral kingdom, a sixth of the 
vegetable kingdom, a.set"entb of the animal kingdom The eighth circle 
represents the sphere' of air, the ninth that of fiie, tjio tenth to the sixteenth 
the Glides of the Moon, Mercuiy, Venus, the Sun, Mars, Jupiter, and 
Saturn The seveiltecnth circle encloses a quantity of stars, and is called 
Ccelum Stellarum, and the three outer circles are fringed with tongues of 
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flame and contain cherubim and seraphim. At the limit of the outermost 
circle the hand of God is seen projecting from a cloud, and leading by a 
chain, Nature, personated by a human form beanng the sun and moon, and 
girt with stars, while fioiii her hand depends a chain by which she leads 
an ape Tseated upon the earth Tlie ape personates Art, for Fludd elsewheie 
says, “ Natura, et ejus simia quam aitevi appellamus" It can well be 
understood, in reference to this emblematical figure, that although the 
world IS not more than an inch in diameter the whole figure terminated by 
the circle of cherubim extends over more than a foot It is in good truth 
a wonderful mass of uncouth symbolism, and many such are found in tlie 
writings of riudd and of the mystics of his school After the symbolic 
design, the woik begins in good earnest with an account of the ci cation, 
and ot the construction of the macrocosm, the nature of the empyiean, 
and the form ot the elements The third book (or chapter, as we should call 
it now-a-days), De Musica Mundana, is essentially Pythagorean in character, 
in it riudd endeavours to prove that unity and rhythm prevail in all 
things, and we maybe suie a chapter on the music of the spheres is iritio- 
duced. Book IV treats “ of the creatures of the Empyrean,” and in this 
the nature of demons is fully discussed In the paragiaph relating to bad 
demons we find such sentences as the following — “ Accusing and calum- 
mating demons occupy the eighth mansion, whose piince is called Ash- 
taroth, who, active and filled with joy, exaggerates our sms before God ” 
Book V treats “of the creatures of the etheieal heavens,” and we find 
herein Eludd’s ideas icgarding the origin of the sun, and the cause of the 
“ circular movement of the heavens,” as the apparent motion ot the sun 
was then called He also devotes some space to the refutation of the 
Copernican theory, which had a few yeais before been adopted by Gilbert 
of Colchester (of “ J)e IV^^gnelo ” fame), to his lionoui Tlieieinarks which 
follow in the next chapters about thunder and lightning and meteors, ap- 
pear to be taken from Lucretius and Pliny, and certainly lack any ongi- 
nahty. The second part of the llistoria is devoted to a technical liistory of 
the macrocosm, which is considered in the following older — " Ot Univer- 
sal Arithmetic,” 153 pp , “ Of Music,” 100 pp , “ Of Geometry,” 31 pp. ; 
“ Of Optics,” 23 pp ; “01 the Art of Drawing,” 24 pp , “Of the Military 
Art,” 89 pp , “ Of Motion,” 68 jip. (containing an account of vaiioua 
machines and pieces of mechanism, in the designing of which Fludd was 
said to be proficient) , “ Of Tune,” 25 pp ; “ Of Cosmography,” 28 pp ; 
“ Of Astrology,” 156 pp , and “ Of Geoinancy,” 73 pp Note the signifi- 
cancy of the extent ot the two last-named subjects Taking the whole 
work of more than 900 folio pages, we find nearly one-sixth of the space 
given to astrology ; or, taking together the astrology and geomancy (divi- 
nation by figures drawn on the earth, 7? nearly one-fourth of the 

work IS thus occupied. In louiid numbers, one-fifth.of the work is devoted 
to the physical and metaphysical history of the ftiacrocosm, and four- 
fifths to its technical hisfjory , and, ot the latter branch, about one-ninth 
of the work is occupied by music, one-eleventh by military matters, about 
one-sixth by arithmetic, and one-fortieth by optics. 
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The other writings of Fludd, although numerous, need occupy hut little 
qf our attention In 1619 the complement of the " Histona Maciocosmi” 
was published at Oppenheim, under the title of “ Tomus Secunclus de 
supeinatuiali, naturali, iiraiternaturali, et contianaturali infcrocosmi his- 
toria, in tractatus tres distiihua” In this work we hud at the 'commence- 
ment an oratio gratulahundu, of considerable length, addressed to the 
Deity, and much occupied by quotations from the I’salms' and from Her- 
mes Trisiiiegistus It rises here and there to a ceitaui tone appro.iching 
sublimity Among the last woiks which Fhidd published weie thioo huge 
Iblios entitled “ Medeema Catholica, sen mysticum aitis medicamli sauia- 
rium ” These weie published in Kiaiikfoit iii 1G29-;J0 and -31, and the motto 
of the books is Non cst viveie sed valere, vita In this nork, more peihaps 
than in any otlier, (Joes Fludd employ hieioglyphics, such as the astiulo- 
geis delighted m AVc not unfiequently find sentences A\lnch corisi-it of 
two-thmis symbols, and one-thiid words, ami the lattei aie oflmi much 
contracted At tlie hegiiinmg of tlie fust volume of tlie “ ^Medeema 
Catholica” (which is deduated to the then Arehhishop of Canterbmy), 
there is another of the emblematical figures of whicli Fludd wa*s so fond. 
In it a healthy man (“homo sauus”) is seen kneeling in the midst of a 
kind of citadel, the foiii comers of winch aic gnauled by liaphael, Uiiel, 
Michael, and Gabriel, eacJi with a drawn swoid From the noitli is let 
loose upon him tlio demon Mahazacl, iiding upon a gigantic fiog, and 
poising an arrow aloft in Ins hand , trom tlie south appears Az.i/el, a 
demon riding upon a dragon , from the east, Samnnud (the messenger of 
death), astiidc upon a winged dragon, and holding a torch in his hands ; 
while fioni the west conies Azael, iidiiig upon a dolidiin The fiist volume 
contains a great collection ot medical facts, but as we pass on to the 
second ami thud, the matter becomes weaker anti weaker until it culmi- 
nates in the most arrant puerility In the chapter “ I)e noniandia sive 
onomantia,” rules are given in gieat detail for finding out the piioiity of 
death in the case of two lehitions, and some of those iiiles are as aibiLiaiy as, 
and somewhat of the nature of, the divination we piactise wlicn we count 
onr cherry stones, and say, "This year, next year, sometime, never” 
Again, 'what shall we say to 93 pages devoted to divination by feeling 
the pulse under different planetary conditions * But the crowning point 
ot folly and superstition remains Will it he credited that any man, much 
less a man of Fludd's capability, could devote 180 folio pages to “ Ouro- 
mantia hoc est divinatio iier — ougon*” Imagine a vast system of vaticina- 
tion, based upon the obseivatioii of ougw, under vaiious stellar and other 
conditions Can anything be more mlinitely pitiful than this? Did any 
act attributed to the Laputan philosophers exceed this for tolly ? 

It IS of coutse impossible here to attempt any detailed analysis of the 
authorship of the prominent tenets of Fludd’s philosophy Ills cos- 
mogony IS closely related to that described as Chaldjcan in the writ- 
ings ot Pspllus, Sextus Empiricus, Porphyry, Jambliclius, and Proclus, 
and in the works of the same period which bear the name of Hermes 
Trismegistus. His astrology is mainly compiled from middle age works 
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oil the subject, which aic tliemselves based on Arabic works , the 
various views of the Eosicnicians also hud expression llis latro- 
mathematics is obviously taken from one of the works attributed 
to Heimos Tiismegistus, under whose name was jnibli&hed, in 1532, a 
treatise entitled largo/iaOriiMUTixa jj KarK^Xiieug voaouvrwv vr^oytudrixa vx 

rjje emffrjj/ijjs Ills anatomy IS taken mainly liom Vesalius, and 

his medicine lioin Paiacelsus and his followeis, but it is piobable that a 
eareful and nriweaiied obseiver like Fliidd added a good deal ot new 
matter in this diiection, since it was the subject of liis piofcssiou llis 
geometiy conies mainly fiom Euclid, music liom (liiulo of Aiez/o, optics 
apparently chiefly liom llaptista Poita, but undoubtedly also liom Vitcdlo, 
and fiom vaiious Aiabic souices Eludd uas neither a Copcinican noi an 
Aristotelian, nor docs he appear to have been iiujiressed by any ol the dis- 
coveiies which wcio being made around linn by (lilbeit and (lalileo, oi by 
the writings of Jlacon As to his naCuial science, lie not unlic(iuently 
show.T considerable aptitude foi such studies, and great minuteness of ob- 
servation 01 the old experiment, m ivlueh a eandle is burned in a closed 
vessel standing ovci watei, uliieh latter, on tlie extinction of the tlanie, 
ascends somewhat into the vessel, he says — ‘ Act cniui unit it xijnem, et 
7t,utriuulo cumumitu) but he denied the possibility ot a vacuum Again, 
in the “ Anatomia' Anipliitlieatium,” we find a cliaptci entitled “ Dc ana- 
toniM saiujuiULS humutit dunua attijiuah di^bccti, this ho lecoinmends 
to be done by subiintting the blood to a giadually inci casing ilegroe of 
heat 111 a letoit, and collecting the pioducts at vaiious stages, in other 
words, a “fiactioiial distillation,” oi necessity loiigli, for tbeimomcters 
weie then unknown As to Eludd’.s astrology, pciliaps the most rational 
thing to which ho attempts to apply it is the pi ognostication of tempests, 
but tlie casting of hoiosi?upes is a tavouiite subject, and one pait tieats of 
the discoveiy of a thief “ The tiuth ot tins portion of the science,” he says, 
“is not alone sujiplied liy otlieis, foi I also ha\e coiifiimcd it by piactiee 
and Gxpeiience , ” lie then tells ns how to discovei wlio the tliief is, “if the 
Loid ot tlie Sixth House is louml m the Second House, or in company 
with the Loid of the Second House, the tli;et is one ot the family, either 
parent, or biotlier, or sister,” and so on 'J’hen we have no less than 
eighteen rules to enable ns to discover the form ot the thief If Mercury is 
111 the sign of the Scoipion, he will be bahl, while another planetary con- 
dition gives him height, and ciisi) yellow ban , some signs show him 
to be stout, others a nioiistei of a dcloiined body, others strong and patient, 
while Satuin oi Mais, in certain positions, show that lu> is bloodtlinsty, 
and about to peiish by a >rioloiit death, which at once lelieves the astro- 
loger from further anxiety, except as to his stolen goods And this was 
dignified by the name of judicial astrology, and called arf art > Enough 
has been said, we think, to show how utteily tiivial were many of the ap- 
phcations ot this rankly superstitious practice , at the same time, it is 
impossible for us, in the’Jireseut day, to fully realise the extent; of the be- 
lief in the influence of supernatural causes in the time of Eludd. It was, 
in every way, a superstitious age; let us remember that the behef m 
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witches and demons, spells, conjurations, philtres, and raibinjrs of the devil, 
was as firm then amongst all classes of society as it is now in many alone 
hamlet of Cornwall, many a green village of Galway, or of Wales 

A word, in conclusion, as to the geueial character of the philosophy of 
riudd Eminently a syncretist, lie endeavoured to unite the domiiiant 
tenets of many and diverse philosophies hy means of a cement lur- 
nislicd hy his own active and conipiehonsive intellect His phihisophy 
is tinctuied with somewhat ol almost eveiy system \vluch had gone 
before The basis of his system is sunk deep in Eastinn soil, the 
summit IS obscured by niisfs of IMiddle Age oiigin Chaldaic astio- 
logy and divj nation, Aiabie geomancy and magic, the theuigy and theo- 
sopy of the Heo-Platonists, the apliorisins and tenets of the supposed 
Iletmcs TiismegisLiis, ivith the paiaphiases of Cornelius Agiippa, the tra- 
ditions and the dieaiiis of the Kabbalists and Taliundists, Alcheinniil 
and Paracelsian visions and dogmas, and a siiice of the learning ol the 
ancient Gieeks, let all these be united, vith much show of lelevauty, 
by an indubitably feitilo and astute mtellcct, and let the whole be pei- 
vaded by a sfiong undcicuiicnt of Chiistian tenets, and ) on have the 
philosophy of Ilobeit Eludd A philosophy vluch is iitteiiy unde- 
finable , a wondious blending of the ancient thought of the Easteiri 
woih .1 with the modem thought of the Western voihl, a union of Chiis- 
tian with barbaiic loio, ol the wisdom of the ancients and the ie\eiies 
of the East, with the unfledged crudities of the llenaissanco A nnvture 
of infinitely giand ideas, wuth tlio wuldest vagaiies evei conceived by the 
mind (pf man, lovcicnlial hcio, almost blasphemous theie , pLinthcistic 
and niarei lalistie, sublime in one jdace, ridiculous in aiiothei A philo- 
sophy 111 which Avisdom and tolly aie seated at tlic same table, while 
Edudd acts as tlien host, and eiiJeavoius to leioiici^o them , a pliilnsophy 
based on supia-muiulane niflueuce, all symbolical, all tbeosopbical, all 
occult , in which an .assumed influence becomes the aibiter ot destinies, 
and tlie philosophei lumself a tliaumatuigus 

►Such a philosophy could not exist in the face of the great intellec- 
tual movement which, m regard to all matters of philosophy and 
science, glorified the seventeenth centuiy It could not enduie side by 
side wuth the woiks of Bacon and Galileo, of Dcscaitcs, Pascal, Hobbes, 
Boyle, and of the man)' great thinkeis which distinguished this epoch 
With it perished a gicat mass of mystic lore The philosophy ot llobert 
Eludd was as a luiid flame upon an altar, hidden in the recesses of a 
darksome cave, the abode of demons and uiicaithly forms , the plulosophy 
of his contemporary, Eiaiicis Bacon, was as a pure light set ii])oii an emi- 
nence, wdiicli, like the diamond in the old stoiy, diffused its luminous in- 
fluence far and’wfide It still diffuses it , while the altar lias been over- 
thiown, the cave is desolate, and the lurid flame has died out for ever. 
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Physical Science during the Seventeenth Century, 

At the same time that this curious mass of false philosophy was 
given to the' world, Galileo was engaged in the application of the tele- 
scope._ Galileo was born in 1 bG4, and at the age of seventeen was sent 
to study medicine at the University of Pisa During his residence at 
Pisa he discovered the isoclironisni of the pendulum In 1586 he wrote 
an Essay on the Hydiostatic Balance, which, however, was not published 
till 1615, 111 1588 Ins work on the Centie of Gravity of Bodies Avas 

WTitten, and in the following year he became professor of mathematics at 
Pisa, and made his celebrated experiments on tailing bodies duimg the 
three following years In 1609 Galileo invented the telescope, and in 
the follouung year discoA’^ored the satelhtcs ot Jupiter, Satuni’s Bing, and 
the phases of Venus In JStaich 1611 he detected the solar spots His 
important “Dialogue on the Ptolemaic and Uopeinican Systems” Avas 
published in 1632 , the general results of the publication of this Avork, 
are too Avell known to need any discussion hero The seventeenth cen- 
tury Avas* altogether so biilliant in scientific discovery, that it may safely 
be said that no former or succeeding centuiy has given biith to so many 
results Neither lu any single ccntuiy have theie been such a multitude 
of great scientific men — Fiancis Bacon, Galileo, Toiiicelli, Pascal, Boyle, 
Huyghens, Hooke, Descartes, NcAAtoii, Halley, IMariiotte, Gassendi, 
Wren, Wallis, Otto von Gueiicke, Stuim, and MayoAV, all belong to this 
period 

The century is further notable for the establishment of scientific socie- 
ties The fiist scientific society Avas established in the middle ot the 
fifteenth centuiy, and jyas called the “Academy of the Scciets of Nature ” 
It consisted solely of men Avho had made some discovery m phj'^sical 
science Eioni the name of the society it came to be believed that magic, 
and illicit arts Aieie jnactised at the meetings of the nicmbeis, and it Avas 
dissolved by P Paul HI The Accadcmia del Cimento Avas founded 
in 1657 in Florence by Duke Leopold ot Tuscany It Avas the first 
scientific society of importance, and had for its object the trial of experi- 
ments, to the exclusion of theoretical matter It unfortunately lasted 
only ten yeais, but during that time a number of important experiments 
(chiefly relating to pneumatics) Avere made, and the academy has left us a 
volume of “Natural Experiments,” Avliich is of much interest even in the 
present day, and has been moie than once repiiiited .The Eoyal Society 
of London Avas founded in IGGO, and the Academic des Sciences of Paris 
in 1666 

The discoveries of this century, and of the succeeding and present 
periods, will be found in the foUoAving pages, and Ave may here end our 
brief and somewhat desultory surv^ey ot the sciencb of earlier ages The 
investigations of the natural philosophers ef the seAmnteenth century, 
form in many instances' the basis of the several sciences discussed here- 
after ; and we recognise several of the names mentioned above, even in 
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the direct form of headings to articles, such as "Boyle's Zavj,” "Newton's 
Bings," &c. 

It may be interesting, in concluding this section, to glance at the two 
first complete text-boolcs of experimental science which appeared in Europe 
They were published dining the fiist half of the eighteenth ccntuiy, 
and were both wiitten by Leyden professors. The fiist is the Physues 
Elcvicnta MatJicmatica Exjtci imoUts Confirmata of G J s’Gravesande, 
the second the Ehmenla Ckuiuoi of Hermann Bocrliaavo ■ The foimer 
was published in 1720, and in 1742 had reached a third edition (“duplo 
auctior ”) It consists of two q_uaito volumes containing 1073 pages, and 
127 full-page plates The following amounts of space are given to the 
various sciences. — statics and dynamics, 399 pages; hydrostatics, 47, 
hydrodynamics, 121, pneumatics, 57, acoustics, 24, heat, 31, electii- 
city, 14 , light, 228 , and astronomy, 140 pages Tlie plates are admir- 
able, and cleaily indicate that the ap])aratus of the period was of a very 
elaboiate cliaracter. The Elementa Chomce was published in 1732, and 
was by far the most extensive and complete woilc on chcmistiy which 
had, up to that time, appeared It is divided into “The ]Ii{>tory of 
Chemistry,” “TheThcoiy of Chemistry,” “The Piocesscs or Operations 
of the Art” In that portion of the work, to whieli the general title of 
theory of chemistiy is given, we find as full an account as was then 
possible of the metals, of salts, of acids, of fire, water, air, cartli, of various 
solvents, &c Thus the hist two gieat scientific text-books were 
the work of Leyden professors, and the Univeisity soon accpui’cd such 
renown that students flocked to it fiom all parts of Europe From the 
time of its foundation it has been one of the piincipal homes of science, 
and a number of important discover les have been made by its members 
Niebubi has well icmaiked that perhaps no locality in Europe is so 
memorable in the history of physical science as Leyden. 

0/ the Age of the various Physical Sciences. 

Astronomy is undoubtedly the most ancient of the sciences An obser- 
vational must ever precede an experimental science , and when, as in this 
case, observation is stimulated by the beauty and ever-presence of the 
objects of study, and by the desire to comprehend the nature of the mys- 
terious and the unknown, wo can quite understand why the contempla- 
tion of the heavenly bodies should specially recommend itself to mankind 
in the earliest ages.^ The worship oi the sun was one of the first forms of 
religion, and he was’ probably originally woi shipped as an emblem of the 
great First Cause, and afterwards as himself a deity Then iiie became 
the symbol of the- deity , and later (as has often happened in the history 
of faiths) the symbolisin.w£is forgotten, and the fire itself became the goA 
The influence of the surf upon our life, and upon all the actions winch 
take place in and around the narth, is so obvious to the most unreasoning 
man, that we* are not Surprised to find Agni the Sun — the God of Light 
and Fire — placed first in the Hindu Trinity. That the attendants of this 
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finite m their capability of observation ; that they are devoted solely to 
the well-being of the organism of which they form a pait, and hence require 
careful usage when applied to the investigation of the external world He 
must therefore examine an experiment with extreme scrupulosity before 
he admits it as absolute , his mind must be fortified by legitimate modes 
of operation suitable for such studies , and every influencing cause must 
be eliminated before the commencement of a precise deduction Ho may 
use theory for marshalling troops of experimental results, but it is to be 
remembeied that a bad general may cause the best soldiers to lose a 
battle. The true student of science is penetrated by an intense uesixe 
for truth, by a fervid spirit of inquiry. Ho knows not wliither he is 
going, but he sees befoio him, dimly and in the distance, a clear and 
divine light — the “ lumen siccum ac purum notioriim vcranim ’* To attain 
this he diieets all his effoits, devotes all his life The searcli for it induces 
the Astronomer to “ ontwatch the Bear,” to pass a lifetime in tracking 
stars through the boundless space ; and the Physicist to devise exquisite 
tortures to bend stubborn matter to his will, and compel it to disclose its 
inmost s.eciots 

The tendency of the earlier systems of Jihysical philosophy was to super 
naturalise natuial actions the tendency of modem physical philosophy is 
to force into tlie phenomenal woild that which must ever be ultia- 
phenomenal 

Tlie older writers on Physical Science delighted in symbolical designs, 
in winch the forces of I^atuie weie represented each at Ins appointed work, 
and above all they placed a cloud, from which issued the hand of God 
directing the several agents of the universe, and introducing harmony into 
their various actions Thus, too, the true son of science, while he is filled 
with awe and wondcr«at the glory and the immensity of cioation, should 
ever bethink him of the gicat First Cause. 
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ABERRATION (A6, from , and erro, to wander ) A term employed in optics to designate 
the unequal deviation of rays of light when refracted by a lens, or reflected from a concave 
mirror There are two kinds of abeiration, viz , Chromatic Aberration, {xpihiM., colour), or 
aberration of refrangibility, and Spherical Aberration There is also in astronomy the Aherra^ 
tion of the celestial bodies, commonly (but leas correctly) termed the Aberration of Ivjht 

ABERRATION, CHROMATIC, or. Aberration of refrangibihti/ A convex lens maybe 
regarded as a number of prisms having their bases in contact Hence, when a sheaf of rays of 
white light passes through it, the rays not only undergo refraction, but aho decomposition, and 
smee the variously coloured rays into which white light is split up by a pnsm, possess different 
refnuigibilities, it follows that when light is converged by a convex lens it is refrac-ted to different 
foci The violet rays, being the most refrangible, form a focus nearest to the lens, while the red 
rays, being the least refrangible, form a focus furthest from the lens Thus in place of one focus 
there are, in reality, an almost infinite number, viz , one for each of the differently refracted 
rays, and in the order of violet, indigo, blue, green, yellow, orange, red Hence tlie rays do not 
meet at the same focus of the lens , and this deviation of the foci is called the chromatic aber- 
ration of a lens See also Dispersion 

ABERRATION OF THE CELESTIAB BODIES, commonly (but less correctly) termed 
the Abtrration of Light In astronomy, an apparent displacement of a celestial object, due 
to tlio progressive motion of light Aberration is caused m two ways — first by the orbital 
motion of the earth, and, secondly, by the motion of the observed celestial objects 

Aberration of the former kind was first recognised by Mol^eux and Bradley, and first 
interpreted by the latter astronomer In 1725 these astronomers commenced a senes of 
observations of the star y Draconis for the purpose of detecting signs of an apparent displacement 
due to the earth’s orbitM motion They presently began to recognise a displacement different 
in character from that which they were searching for, and further remarkable on account of 
its extent They found that in March the star was no less than a third of a minute of arc, 
south of its mean place, and in Sejitemhcr as far to the north After several fruitless attempts 
to solve the meaning of this peculiarity, Bradley began a senes of independent researches upon 
other stars He rccogmsed before long this general rule, that each star is most displaced 
towards the north when it crosses the mcndian at about six o’clock m the evening, and most 
displaced towards the south when it crosses the mendian at about six o’clock in the morning 
The explanation of this phenomenon remained for some time unrecognised by Bradley But 
he noticed, one day, while in a small vessel which was saibng up and down a sheet of water, 
that a vane at the mast-head constantly varied in its indications as the ship changed her course 
He presently recogmsed the cause of this, in the circumstance that the motion ot the ship on 
one or another course affected the directiou from which the wind seemed to blow, causing the 
wmd, in fact, to seem always to come from a point nearer that towaids wliicb the ship was 
steering than was actually the cose Ho was thus led to associate the phenomenon with that 
which he had observed among the stars Regarding the earth as m a sense resembling the 
moving vessel, and t&e light from the stars as comparable with the wind, he reasoned that if 
only the earth's motion bears an appreciable relation to the velocity of hght, we ought to expect 
that the rays from a star woyld seem to comelrom a point nearer than is actually the cose to 
that point on the lieaveics towards which the earth’s course is directed 'The phenomenon ho 
had observed corresponded exactly with this explanation The change of place due to the 
velocity of light estimated from the eclipses of Jupiter’s satcUites, corresponded within the 
limits of observational error, with the observed changes m the apparent positions of the fixed stars. 
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It follows from a consideration of the earths path that each star appeal s to describe a 
small ellipse about its true place This fact is of gieat imjiortauce in its direct bcanrg on 
obaervational astronomy , but it is perhaps even moie important on account of the evidence 
it Bupphes as to the motion of the eaith Evoiy star becomes an mdependeut witness of the 
truth of the Colieriucan tlieory 

Since the abctration of the celestial bodies depends on the ratio betueen the velocity of 
light and of the eaith’s motion, its elh cts only v iry accoiditig to the position of the observed 
object, <v)t accordiiig to the distance or motions of that object The moon is the only celestial 
body whfeli is not affected by tins form of aberration 

The ma'tinium, effect of abciiatum, or as it is called, the constant of ahci^ntiou, is a diaplacc- 
ment by about 20j seconds of aie G’liis is the disjilaecment of i celestiil object when tho 
earth’s motion takes place in a dnection at light angles to the line of sight As the earth 
must twice in the year move at light angles to the hue of sight to my stai, however tliat sfar 
be pi iced, every stai, twice in tlie year, exhibits a disjilaceuient by this amount A star at 
the pole of the ecliptic exhibits this disjil leemeiit at ill times, and thus ajipeais to dcsciabe a 
small circle around its true place A stai on the eclijitie appe irs twice lu the year in its 
true place, viz , when the eaitli is moving exactly fiom oi towaids it Such a star appears to 
travel b.wjkwaids anti foiwinls along a stiaight line 40^ seconds m length All other stars 
appe ir to ih sciibe ellipses Ii iviiig a 111 ijm ui-. of this length 

Aberiation of the second class depends on the Jiatanees ind motions of the obseived objects 
"We see each cclcstiil object not as it is at the inomciit, but as it was wlien the light by which 
we see it hist set out Thus we see the moon at any raomont in the jiosition she renlly 
occupied I ^ seconds before, and we sec a fixetl star in the position it ically otnipied several 
yc ii-B befoi^ In tho one instance there is a small disjilieemcnt, 111 the other it is one which 
(though ajjparently small) must be estimated in leility by Iniuiheds of millions of miles 
Between these limits lie the disjiLiceineiits of the planets Tho sun alone is unaffected by 
this sort of abeiTation 

There is a small apparent disjilaccment of .lU celestial objects duo to tbo caitb’s rotation on 
her axis It is called the di iii 101/ atno t utioii 

There is an aberration of the fixed st.vis duo to tho sun’s propci motion m sji.aee, since tins 
motion bears an appreiial lie lelationto the x i loeity of light fcJir .lolm llerscliel bis jiomtcd 
hut that by observing the gi ulual cb inge of tins foim of abiii ilioii (whuh, while constant, is 
wholly niulistniguibh iblc), it iniy one el ly be jiossible not only to supjily a new pi oof of the 
sun’s projier motion, but to ileteimiiic the sliiju of the oilnt m winch tin sun is travelling 

ABEllKATION, bPlllOlirflAL Leii'cs and iniirois aie usually ground with sjihorical 
surfaces, and so long as the vjieituio does not exceed 8 01 lo degrees, tho lajs of homo- 
geneous light rcfnictc’d or ^fleeted by dii.eient jiaits of them meet jiiactieally at the same 
focus of the lens or mirror fliit as the apiituro of a spherical niiiiet iiicicases, the rays re- 
fleeted from thcedgis cross e u h oth< 1 it a point on tho axis ncaier to the minor than those 
which aio leflectcd from portions of the imiior near its tentre* 'I’hus the r 13 s arc deviated 
fiom the tiue focus of the niiiror Agiin, xvith legiid to bjdicrit d lenses of laige .ipcituro, the 
rays xvhieh jiass thiongh the lens, neai its ciicumfeicute, aro rcfi acted to a point nearer to the 
lens than those winch jiass througli its cential portion In the i ise of miirois this deviation of 
light fiom the focus is called sjihiriml abuuition by njlirfuoi , while in the case of lenses it 
IS called sidttucid ahenatwn by 1 tfiadton It maybe lemedicd by giving lenses and miiroM 
paralsdic surfaces, a plan which is almost luvaiiably followed in the constiuction of specula for 
aationomical juirposes 

AUyifsi'HlN The bitter pniiciple of wormwood [Artcmi'tin absmthinm), Eormula Cjj 
II_,,Or, It forma a hard crystalline mass, having an cxtiouiely bitter taste , it is very soluble 
m alcohol, and but slightly so in water 

ABSdljUTE BIlIUHTIfESS An expression used by astronomers to distinguish between 
the total amount of light leceived from a celestial body and the intriq^fc lustre of the body’s 
surface Thus the absolute bngbtnets of Jupitci would be spoken of as nearly equalling that of 
Venus and surpassing that of Sinus, though the intiinsic bnlliancy of Jupiter’s light is far less 
than that of Venus, and not comparable with the snu-hke lutriubic bnlhoncy of the light of Sinus 

ABSOLUTE rHO'lOMETER See PAotowfo y 

ABSOLUTE TEMPEBATUliES {Absolutus , perfect, boipplete ) Temperatures taken 
from the absolute zero of temperature are termed absolute teispcralures, and are obtained 
by adding 458 to the temperature on the Fahrenheit scale, and 273 to the temperature on the 
Centigrade scale 

ABSOLUTE ZEBO OE 'fBMPEBATURE When gases axe (leated they expand ^-^th 
of their volume for one degree Fahrenheit, and of their volume for one degree Centig^s 


at zei o It has been surmised by many physicists — among them Ckrk Maxwell, and Clausius 

that as heat increases the elasticity of gises, it actu illy produces that elasticity , that, m a word 
it 18 the motion wc call heat, associated with the molecules of a gas, which causes the gas to 
exert pressure , and as the molecules vibrate baclwards and forwards, striking the sides of the 
containing envelope, they produce pressure, which iiici cases with the increase of their ouii 
motion by additional incroineiits of heat The absolute /tro of tcmpei aturo is the aliRolnle zero 
of gaseous tension, at which a gas, if it could then exist as such, would pos ess no clastic force, 
exert no piessuro, hive no molecular motion avhatsocvcr Aa l“ C of boat added, lAcrcases 
the elasticity of a gas by-jJ^rd of its volume, and each degree C abstracted diinmishes the 
volume hy i, it is'ohvious that if the law lie true at all temperatures, at — 273® C no fuither 
contraction is possible, and hence no more heat could be absti acted , m fact, the volume of a 
gas would cease to exist Hence, if aie could continue to uitbdraw hc'at until we readied 273“ 
C*(or 490° I' ) below the freezing tcmpciature of iv itir, we should .iiuve at the absolute zero, 
at which matter would he lifeless and inert, and incapable of icsjiondiiig to, or as-imilating, .my 
form of motion winch, under other conditions, would inlluence its molecules We haa e nci ( r 
been able to produce a dcgiee of cold appio.aching the absolute zero of gaseous tension See 
also Ttmpnrduie 

ABSOllPTIOX OP OOLOUE Sec Cohmr, AUo^ption of 

ARSOBPTIOX, ELPtrnVH See I IrrUte Ah^o>)dio,i of 

ABSORPTION OP OASES BY SOJ.IDS AND* lAtJUIUS See Gasc% AhsmpUon of 

ABSOJl P'l’ION OP IIKAT (d6, fiom , sojfiro, to si.ck in) In the sci 1 iitcs nth cciitiuy 
M.uiottc and Hooke discovered that ghi'-s absoihs a ccitain amount of ladi uit hc.at M di 1 1 
1‘oclio, in 1812, found that radiant lieat, which has pissed thiougli gl i-^s, his lost the rijs 
which glass most readily intcreepts, and that is the tcinjici.ituic of the i.ith iting “iirrce uses, 
the heat omitted passes through glass unth greater f.uihty Nobih and Mclloni woikcd to- 
githoi on tlu^ iiihjoct of radiant heat The foimer inaentcd the thcimopile, while the litter 
adnptcil it for pin poses of luvcstigition, .and mailo tho luipoitant disoovery lli it locb s.ilt 
scare "ly ex( u lies any absoriitive power u]>ou iny kind of heat His icsulls were imblislied m i 
treatise ciititb d, “La 'riicrinochrosc, on la Oolontioii (‘iloriliqur,'’ which h.as fuiniod the h.utis 
of exact niMstig.itions conneitid with rvdiint heat Under tlie lit.adiug, DmUk' niniinj,\,i. 
have gi' eii .1 1 ihlc of some of Mi Horn’s results, winch show s the transmission of r iih.int hi at h^. , 
cuitam Solids The absoi ption is given by snbtncting the tr insmission fioiii icx> A itlcitiie 
nhsoiptt itL IS cxircisod by bodies foi heat, tn.xt is to siv, t' it.nn ht it i lys .are .ihsorhed while 
otliti s ai o ti uisiiiittcd, cert uu Mibstanccs absenb neaily ill the heat winch hilla upon them, and 
othcis, like loik-snP, absoib Hciiccl^ my In the else of h(|iiids the \aiiatiou is iicirly is 
great as in tli -t of solids thus, accoidiiig to Mclloni, bisnlpliido of carbon tr.ansmits 63 per 
cult of ihc h' t of .in z\jg 111(1 buincr, avliilo olivo oil ti .msm^ 30 pi 1 cent , and w itci rr 
Bodies wbii h .absoib radiant heat actually lop tlic he it avaves, and assimilate the motion winch 
they coTiM y , thus the' tcmpeiatuic of the absoibmg body is r.aiscd 

111 examiiiing tlio abruption of beat by li<|inds, Mclloni emjilojed an Argand lamp, with a 
gl iss cbiiiini y, is i souicc of heat, and pi iced the litpuds to I c ex iiinntd in glass cells But 
glass abs>i)ibs .1 irrcit nuiiibei of hcatriys, particul.uly of those ciiiittcd by .1 non luminous 
8 lurce , hence IMclloni’s results caiiui it be corisidcicd accurate Tynd ill, in rc]ieatiug some of 
these expcnniciits, employed cells of lock salt ti> cont.aiii the lupiiils, and .a sjmal of pl.itinum 
wire raised to .a red beat by .an electric cm lent as the souicc of heat The following aie some 
of hi 8 result?, witli didcrcnt thicknesses of v inous liipiids — 


Absoiumion of Hiat jiyLiiiUiiis (Ti/nddll) 


Naitesoi Liijuius 

1 

Tim KAtss 01 Liquids is Pauts oj as Im ir 

0 02 

0 04 

0 07 

0 14 

0 27 

Bisulphide of Carbon, 



5 S 

84 

12 S 

15 -s 

>7 3 

Chlorotorm^ 



16 6 

25 0 

35 « 

4u 0 

44 8 

Iodide of Metlfyl, 



16 I 

4 ft 5 

53 ^ 

65 2 

6b 6 

Iodide of 



38 2 

50 7 

S 9 0 

69 0 

7 T S 

Benzol, 



41 4 

55 7 

62 5 

71 s 

71 6 

Amylcne, • 



58 s 

€5 2 

73 ^ 

77 7 

82 3 

SulphiiTic Ether, 



*3 J 

7 J 5 

7O I 

78 C 

85 2 

Acetic Ether, 




74 

78 0 

82 0 

86 X 

Formic Ether, 



65 2 

76 3 

79 0 

84 0 

87 0 

Alcohol, t 



67 3 

78 6 

83 6 

tj 3 

89 1 

Water, 



80 7 

66 I 

88 8 

91 0 

91 0 
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These anmbers express the per-centa^ of absorbed rays , thus, a layer of bisulphide of carbon 
of o 14 inch thickness absorbs 15 2, and transmits 84 8 of every icx> incident rays, while benzol, 
in a layer of the same thickness, absorbs 71 5, and transmits 28 5 per cent Water is seen to 
absorb more heat than any substance in the table The absorption of heat by the vapours of 
these same liquids was next tried, and the order of absorption was found to be the same when 
the soulce of heat was the same, and the quantity of matter in each condition equal “ We 
may," writes Tyndall, “ safely infer that the position of a vapour, as an absorber or radiator, is 
determined by that pf the liquid from which it is derived ” 

Until recently, it was believed that gases and vapours exercise no absorptive power upon 
radiant heat It fvas thought, as tho molecules which compose matter in the gaseous condition 
are so infinitely further apc^ than those of solids and liquids, that no hindrance could be offered 
to the passage of the motion of the ether known as raduvit heat This, however, has been diB< 
proved, and Tyndall (to whom we owe nearly the entire treatment of this branch of the subject), 
has shown that gases and vapours exercise very considerable power upon radiant heat It will 
be well, before we speak of the results obtained, to indicate the general nature of the apparatus 
employed, but as it is somewhat complex, those who are specially interested m the subject, may 
preferably read the detailed description given in the “ Philosophical Transactions,” or in Pro- 
fessor Tyndall's book on “ Heat considered as a Mode of Motion ” The mam features of tho 
apparatus are, a tube of brass or glass, called tho experimental tube, capable of being exhausted, 
and in connection with a barometer tube, so that 'a gas or vapour of any known pressure may 
be introduced This tube is closed air-tight with plates of polished rock salt In front of one 
end of the tube, a cube containing boiling water is x>la>ced, and at the other extremity a thermo- 
electric pile fitted with two cones, one being exactly opposite the rock-salt plato which closes 
that end ot^ tube, and the other opposite a second cube filled with water kept boibng Thus 
there are two equal sources of heat which radiate heat upon the opposite faces of the thermopile, 
the rays from one of which pass through the experimental tube, containing the gas or vapour to 
be examined, before falling upon the pile These sources of heat are arranged m such a manner 
that they exactly neutralise each other, and the needle of the galvanometer winch indicates 
the amount of heating, stands at zero If now a gas be admitted into the tube, an inequality 
will ho produced , if it absorbs some of the heat radiated from tho cubs nearest to it, it is obvi- 
ous that the other source of beat wull predominate, and a deflection of the needle of the galvano- 
meter will result, showing an unequal heating of the opposite faces of the thermopile By experi- 
ments on olefiant gas at small pressures, Tyndall found that “ when very small (quantities of gas 
are employed the absorption is sensibly proportional to the density " The following table shows 
the relative absorptions of various gases, at the oidinary atmospheric pressure (30 inches of 
mercury), and at one-thirtieth of that pressure (i inch of niercfiry) In the case of gases which 
readily absorb heat, nearly the whole absorption takes jilace in tho portion of gas which first 
enters the experimental tube f hence, by diminishing the pressure of gas, the relative absorjitions 
present wide differences, as we see in the second column 


Absohption of Hfat by Gasfs {Ti/ndalV) 


Name of Gas 

Rgcativg Abhorpiiox 

Name of Gas 

llr LATIVE Al SOIIPTION 

At 30 Inches 
I’lessuro 

At 1 Inch 
Pressure 

At'^o Inches 
Picasuie 

At I Inch 
Pressure 

Air. 

I 

K 

Carbonic Acid, 

90 

972 

Oxygen, 

1 

I 

Nitrous Oiiile, 

35 S 

i860 

Nitiogon, 

1 

I 

Sulphide of Hydrogen. 

390 

2100 

Hydrogen, 

X 

X 

Sulphurous Acid, 

710 

6480 

Chlorine, 

39 

60 

Oleflant Gas, 

970 

60 ^to 

Hydrochloric Acid, 

62 

i6q 

Ammonia, 

119s 

54 < 5 o 

Carbonic Oxide, 

90 

750 





We thus see that ammonia absorbs no less than 54 ^ times as much lieat as air, at a pressure 
of one mch of mercury The first four gases absorb scarcely any heat , in fact, as Tyndall 
expresses it, they act practically as a (vacuum, towards radiant heat , their action 13 almost a 
van’shmg quantity The comparison of simple with compound bodies presetfts curious results , 
the absorption of chlorine is 60 times that of hydrogen at 1 msh pressure, but the absorption of 
hydrochloric amd (which is composed of equal wolumes of hydri^en and chlorine chemically 
combined), is 160 , therefore the compound moleinile intercepts more heat, or stops more motion, 
than either of the single molecules 

In the case of vapours the Experimental tube was exhausted, and (wsmall flask txintaining the 
volatile bquid wan then placed in communication with the tube, until the desired pressure was 
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obtained In the following table the pressures were respectively o i, o 5, and i inch of mercury, 
and the numbers are referred to the absorption of 30 inches (i atmosphere) of dry air thus 
y^th of on inch of bisulphide of carbon vapour absorbs fifteen times as much heat as air at the 
ordinary pressure, while ^ an inch of chloroform absorbs 182 times as much, and 1 inch of acetic 
ether no less than 1195 times as much, . 


Kames or Vafoukb 

Absoeption op Heat i 

1 PltESSIlnEB j 

lY Vapours, (Tt/ndall) 

Hames or Vapouiis. 

1 rUESSUll.l'S 

0 I In 

0 5 In 

a ' 

1 0 In 1 

0 z In* 

0 5 In 

I 0 In 

SI Bull hide of Carbon, 

15 

47 

62 

Sulphuric Ether, . . 

300 

710 1 

870 

Iodide of Methyl, 

35 

147 

242 

Alcohol, 

3=5 

022 1 


Senzol, 

66 

182 

267 

Formic Pther, 

480 

870 

1075 

Chloroform, 

85 

182 

236 

Acetic Ether, 

590 

980 

1195 

Methyllc Alcohol, 

Tog 

39 ° 


Propionate of Ethyl, 

<596 

970 


Amylene, 

132 

SIS 

823 

Boracic Acid, 

620 



Tyndall also tried the absorptive power of various perfumes for radiant heat, and found. 


among other results, that an infinitely small amount of the vapour of otto of roses absorbs 36 
times as much heat as air, while spikenard, absorbs 355 times as much The action of o^one 
upon radiant heat is very marked , it absorbs powerfully, and is to be placed beside olehant gas 
and the other substances, near the bottom of the tables given above 

Accordiiig to Tyndall aqueous vapour is a powerful absorber of heat The oquctius vapour 
in the atmosphere was found to absorb 72 times as much heat as dry air itself, and in an atmos- 
phere in which nisny persona are breathing, it is at least 80 “Looking at the single atoms,” 
writes Tyndall, “for every 200 of oxygen and nitrogen there is about I of aqueous vapour 
Till*' I 19 80 tunes more powerful than tho 200, and hence, comparing a single atom of oxygen or 
nitiogen with a single atom of aqueous vnpout, we may infer that the action of the lattei is 
16,000 times that of the former" The effects of this result on certain meteorological pheno- 
mena will bo noticed elsewhere See also Diathermancy , Dynamic Heating of Gam 

ABSOUBTfoN OF LIGHT All transpaieut bodies absorb light in a more or less degree 
It IS veiy seldom that all colours are absorbed unifonuly A sclectne absorption usually takes 
place Thus considerable thicknesses of the purest water show a greenish colour , gloss shows 
a bluish green colour , air, a reddish colour Coloured glisses absorb certain portions of the 
spectrum and allow others to pass The incandescent atmosphere suirounding the sun and 
fixed stais absorbs an innumerable number of rays of light, fonnmg what ore called the fixed 
Imes of the spectrum The varying absorptive actions which bocTies exert upon light cause 
vanations of transparency an<l opacity See Atmospfiei ic Lines of the Spectrum, Colour, Absorption 
of, Coloiiis of Bodies , Blood, Absorption lines to, , Spectium 

ABSOltriTON OF LIGHT BY DOUBLE IIEFIIACTING CBYSTALS See 
Dichroism 

ABSORPTION LINES OF SPECTRA. Certain transparent substances are opaque to 
certain coloured rays of light, and when they are interposed m the path of a ray of white light 
which is afterwards submitted to prismatic analysis, this opacity causes gaps to be observed in 
the spectrum Some minerals, such as the jargon, parisite , some crystallised bodies, such as 
salts of didymiuni, erbium, uranium, &c , many metallic solutions, and a few gases and vapours, 
produce absorption hncs of great sharpness, forming systems of more or less complexity Other 
substances do not produce sharply defined black lines across the spectrum, but carve out bands 
having an indistinct outline The absorption bands of blood and many organic colouring matters 
are of this class See Absorption Dines of Opals , Absorption Spectra , Blood, Absorption Dines in. 
Spectrum 

ABSORPTION LINES OF OPALS When opals are examined in the spectroscope or 
spectrum microscope they occasionally show absorption bands crossing the spectrum diagonally 
or in zigzag paths , Examined in the binocular spectrum microscope the bauds sometimes have 
a spiral structure in relief, moving along the spectrum and rolling over on the axis as the opal is 
moved across the field of view,. The explanation of these phenomena is probably as follows — 
In the case of the moving hr*, tho light-emitting plane in the opal is somewhat broad and has 
the property of giving out at one end, along its whole height, and fur a width equal to the 
breadth of tbnj|>and, say, red light , this merges gradually into a space emitting osonge, and so 
on throughout the entire 'length of the spectrum, or through that portion of it which is 
traversed by the moving line in the instrument , the successive pencils (or rather ribbons) of 
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emitted light passing through nil degrees of refrangibility It is evident that if this opal is 
slowly passed across the sht of the spectrum microscope the slit will be successively illuminated 
With hght of gradually increasmg refraugibibt>, aud the appearance of a moving luminous hue 
will be produced , and if transmitted light is used for illumination the reversal of the 
phenomena will cause the production of a black hnc moving along a coloured field A diagonal 
line Will be produced if an opal of this character is examined in a sloping position See Opals, 
Optical Phenomena of : also Pioceedings of tlie llojal Society, 1869, p 44b 

ABSORPTION, SPECTllA The system of hues which certain substances produce when 
the spectrum is viewed through them is called the absorption spectrum In »nany cases these 
systems are sufficiently maikcd to be used as a test foi iccogiiisiiig the presence of these sub- 
stances See Absor-ption of Zi'/ht , Spectnuii, Spcctiuni Analysis 

ACCELERATION {Accihi atio, fiom ad and cthifi, to hasten, seWetv, to drive, move) 
The rate of variation of the velocity of a nioving point or body It maybe uniform or variable 
When the velocity receives equal increments in equal times tho acceleration is said to he uni- 
form, aud IS then the increase of velocity in a second of tune Snjiposc, foi example, that a 
body IS 111 motion undei the action of a, force pioducmg a uuifurm accclciation, lud supiiose 
that the Ycloc ity at one instant is found to be 30 feet pci second, aud one second later 45 feet 
per second, the iiicieasc of velocity, or 15 feet jici second, is the aiccleiatioii 

Acceleration is vaiiable when the -velocity docs not receive cqti d merements in equal times 
Tho acceleration at any instint is then meisureil by the velocity which would be genc- 
latcd in a second if the acceleration icmaincd constant dimug the slCoikI 1 f, for instance, 
a body be moving at the rate of 30 feet pci second, and its velocity be increasing at that 
instant so that if the rate of morcaso bo picstivcil foi a SLCoutl the v( locity will be 45 feet per 
second, thijn the acceloiation is 15 feet per second There may be forces m action which will 
increase or dimmish the late of variation of the velocity, so that at tho end of tlio second it 
vnll not really be 45 feet , iieveitheless the acceleiatioii at the paiticiilai instiiit considered is 
15 feet per second 

It IS fiequcntly convenient to consider the whole velocity as undo up of tno component 
velocities, and in the same way tho vvholo accileiation may be supposeil to rc iilt from two 
component accolciations, When, for instance, a body moves m a eur' ed p itli, it is freiiuently 
.convenient to consider the acceleration along tho 1 whns vcetoi aud pcipt luheiil ir to it, or 
lalong the normal and along tho tvngciit When a point moves 111 a eiielo, tho noimal accelera- 
tion is found by dividing tlio squaie of the velocity by tho radius of tho (iido Ihom the 
second and third laws of motion when pressure iiroduccs the motion of a body tho gi eater tho 
pressure the greater the aceolciatioii, and tho greater tho mass moved the less tho icc>oleT ition 
The siniplost case of a foice pioducmg a uuiCoim acceloiation is tint ilfoidcd liy the action of 
the earth on falling bodies ^(See Fall i in/ Jivdtis ) The increase of velocity 111 this case is pro- 
portional to tho time and nearly e(|ual to 32 2 feet jicr second 

ACCEIiERATTON OP TILE PIXEJ) STARS The rate of the stais’ apparent diurnal 
motion 13 slightly greater than tint of the sun’s, bceaubc tho sun’s apparent yearly motion takes 
place (though much more slowly) in a diicctioii cuiitiaiy to that of liis .qipvieii-t daily motion 
Compared with the sun the stars thus seem to gam about 3m 56s cacli day, coming by that 
inteival carher and eailiei each successive day, to tho muiidian. This apparent gam is called 
their acceleration 

ACCELERATION OP THE MOON , or, Accilnattoii of the Moon’s mean motion One of 
the most uiterestmg pcculiantics of the luii u motions It was noticed by H illcy, that when 
ancient eclipses are compaicd with inoih ni lunar observations, thu moon is found to be moving' 
faster now on her course round the earth th.»n m foimcr times I'he cxplaualiiui of this peculi- 
arity was for a long time sought for unsucccssfidly by the le iding piofcssors of the Newtonian 
system of astronomy , indeed it may lie said even now, that the acccleiatiun of the moon is a 
problem but partially solved We owo to Laplace tbe first successful attempt to resolve tlia 
difficoilty He showed that the moon’s motion undergoes an aeeeleiation thiough the slow pro- 
cess of diminution which the ccceiitiieity of tho earth’s orbit is uiiileigoiiig Owing to this 
change, there results (on the whole) a sLght diminution of the sun’s influence upon the moon's 
motions The influence of the caith being thus increased, the biime qpFect acciues as would 
follow from a slight increase in the earth’s mass, — in othei words, a ^ll^ht dccie.ise m the 
moon’s period of revolution It has recently been shown by Professor Adams, that Laplace 
overestimated the effect of this variation in the figure of the ea^i’s orbit , and that, instead of 
accounting for the acceleiation actually observed, os Laplace supposed, it accounts for barely 
one-half of that acceleration It is the remaining half which remams unexplained Delaunay 
refers it to a retardation of*the earth’s motion of rotation, caused liy the influence of the tidal 
wave raised by the moon , but no satisfactory answer has yet been given to the question how 
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far this cause la capable of accounting for the actual value of the outstanding balance of retarda- 
tion 

. ACCIDENTAL COLOURS When the eye has looked at an intense colour for some time, 
it appears to become tired and incapable of appreciating that particular colour as readily as it 
can do other colours Thus, if a rod wafer la looked at steadily for a few minutes, and the, ejt. 
IB then suddenly turned to a sheet of white paper, the portion of the retina, on whicli. the red 
image formerly fell being partially tired by the red rays, ivill not appioualo that coinpoiicTit of 
the white light reflected from the paper so easily a-s it will the other colours A greenish patch 
will therefore bo observed on the paper This is called an accidental colohr, and tlie image is 
called an ocular spectrum The accident vl colour of the ocular spectium is always eompli- 
meiitary to the real colour Sec Oci'l(n Spceti urn 

ACCUMULATED EORCE (ilccft/JinZo, to heap up. Cumulus, a heap) The jHincrof a 
lyoving body to ovcrconio resistance * When a force acts on a body so as to produce its moti m, 
the force must bo in excess of the resistances to the motion, coiiscoueutly powii n impTitcd to 
the body at each instant, which is not absorbed by the resistjnces , this power is called the 
accumulated foiec Tlie measure of the power thus develojiod is the me isure of the cajjacity of 
the moving m.iss to oaereome any addiUoiial resist mec which may be opposed to it , thus the 
accumulated foice at any instant is measmed by the momentum of the mniung body The 
efficacy of hainmers, pile duving machines, flywheels, and similar contiivances, depends on 
accumulated foico See Momentum 

ACETAL A colourlciis Iniuul, haring an agrceabln and icfroshing odour, prepared by the 
imperfect osidatioii of alcohol hy me iiis of pi itinum bl ick , oi by distillation with suljilniye acid 
and oxide of m lugaiieso Its forirmli is its spetifie gravity is 0821 , it boils at 

105° C (221“ E ), and docs not altci by ixposme to the au Va]JOur deiisily 141 

ACl'lTATE.S Coinbinations of acetic leid with a bise are called acetites They arc all 
Holubl j in water, and for the most ])ait eiy stalliso readily The foUorviug ate the most iinpoi-tant 
acetates -Acetate af Alnintniuni — -This salt only exists 111 solution, bung ditoniposed by 
e.aporation , it is siipiiosed to have the foimiili (('_K,D_), Alj It is 1 11 gel y used lu dying 
an ’ oslieo pimting as a mordant, and is prejiaied by piecipit ding alum with atetiti of lead, 
sulphite of lead being tbiowii down, and a imxtiiic of nictate of 'luiniiiiiim and sulphite of 
jiotassiuiu remaining in solution Aritate of AmiiiJiinim — 'I'lie iieiiti »1 aeelato is a white ciys- 
tallin s,dt of the foimuli C^HjOjNlf^ It is leidily soluble in water and aleholiol, agd 
evolroo amironu on evapoi.ition, so that it is difliiultt) obtain pure and erjstalliiiP, its solution 
is known in phaiinacy as iWinf/eini Arctafr ofCappn --CoppcrfomisHcroialacctates, 

the lu'imal Salt is Iviuiwii as eiystalhsed veidigus Itfoimsdiikbluishgiccnpiisiiiatic crystals, 
which are cf’loics. < lit mu vciy poisonous , its formula is CjIT| 0 _.Cu Theic lie tliiec basic 
acetates of cojiper, mined lespeetirrly the scsipii bisic, of the fonnula (C Tr,0_,Cii)j CiiD , 
the eh Dane ( Mi, 0 /’u)j f'vi.O , the tii ba ic I'dTjOd'u Cn_, 0 # These are all eonlained 111 
common x^rdigiis, which is lirgcly used both as a pigiiu iit and as a mordant in dyeing , it is 
obtanud hy submitting metallic copper to the joint action of air and the vapimis of acetic itid 
Blue Lxidaji (A IS almont puit di basic acetate of eoppei, and epiut vmthrji is poiisi-.ts ilmost entirely 
of sciqui basic acetate of copper Aceto (CiseniO of Coppei — A beautiful, but r cry jioisonous 
green pigment, known in lommcrce as ^IjAfiur ipCeii, Sehiirmfuit fftrcit, and Jmpetial ijicin ^ its 
fonnula is OjHiOjCu 3 As OjCu It is jnejiared by boiling verdigns and arsonious acid 
together It is iiisoluble in xvatcr Acetute of It on — iron forms two acet ites , tho only one 
of interest, however, is the feme acetiite, winch is gem rally prepared by mixing pei-sulpliate of 
iron with ncitate of lead It lias not been obtainud m the crystalline statu, but forms a icd- 
brown solution, whiih decomposes on ebullition A veiy tiudo inixtuic of the fciroiis and the 
feme acitato, known as pyiohgmte of non, is laigely used as a moirlant m dyeing black 
Acetate op Lead iOa,(\ foims a iioniiil, and scieril bisu acetates Noimal aietateot lend 
(known also as sugai of le id) w a white ciystilhiie salt, lining a sweet astiingent taste, and 
being very poisoiiuuj^ Its fonnula is ('ill |Djl’b When oxide of le id is digested with a 
solution of the noinill acetate, the tn basic .icutato is formed in long silky needles A 
solution of this salt is frequently used on account of its piopcity of i>reeiiiitating many 
xegetablc substances, such as gums aiul colounng niittefs It is used in medieme under 
the name of O'oulird Water Aectatc of Potassium (CjHjOjK), is a very diHieultly crysta- 
line salt, dchnquescent and melting to a limpiel luiuid beloxv lediiess It exists in the juices of 
many plants, and is prepaiect-aitihcially by ncutiahsing acetic acid with carbonate of potassium 
Acetate of tSdiir — This sail? is the least solulilc of the normal acetates, requiring lOO parts of 
cold xvater to dissolve it , it can therefoic he prcjiarcd hy adding mtrate of silver to acetate of 
potassium, b^h in stroqg soluticin , it then falls down as a white crystalline precipitate 
Its formula is C^HjOg Ag. Acetate of Sodium (C^HjOjNa), an efflorescent ci-ystallme salt, 
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pnpared by saturating acetic acid with carbonate of sodium. On. evaporation it separates m 
lai;^ transparent prisms 

ACETIC AGIZ), (^Acetum, vinegar) An acid which exists naturally in the juices of several 
trees. It is, however, almost always prepared artificially either by fermentation of spirit, or 
by the destructive distillation of wood In the former case the alcohol absorbs atmospheno 
oxygei> under the mfluence of a ferment, and is converted into acetic acid In this state it is 
called vmegar , distilled vmegar being the same liquid deprived of its non volatile and colouimg 
matters. , Acetic aud is generally prepared from the sour kquid, obtained when wood is sub* 
nutted to distillation, known as pyrobgneous acid The crude hquid is punhed by saturation 
with a base and re distillation with an acid The pure acetic acid when free from water haa 
the composition its specific gravity is t 0635 At ordinaiy temperature it is sohd 

and crystalline, and is known as glacial acetic acid It solidifies at about 60" E , and boils at 
246° E It has a very qmngent sour taste and odour, and bhsters tho skin Its vapouriia 
inflammable It saturates bases, forming salts which are generally weii crystallised. (Sea 
Acetates ) 

ACETIC ETHER , or. Acetate of Ethyl A colourless liquid having a pleasant ethereal 
odour strongly resembling that of apples , its specific gravity is o 932, it boils at 166“ F Its 
composition is C2H3U2 C^Hg It is formed by distilling acetate of sodium, alcohol, and 
sulphuric acid. It is analogous to a metalbc acetate, the metal of which is replaced by 
eChyL 

ACETONE A colourless, very mobile liquid, prepared by the diy distillation of an acetate. 
Its formula is CjHgO It boils at 132° E , and has an agreeable odour and taste resembbng 
that of peppermint , it evaporates quickly produemg great reduction of temperature Its 
specific gravity is o 792 The term Acetone or Ketone is one applied to a class of bodies com 
posed of an acid-radical united with an alcohol-radical , thus ordinary acetone is methyl acetyL 
The following is a list of the Acetones or Ketones at present known — 

Methyl-acetyl (Acetone), . . . . C H, CaHgO 

Metbyl-butyryl, 

Ethyl-propionyl (propiono). 

Ethyl biityryl, 

Metbyl-valyl, . . 

- Tntyl butyryl (biityrone), 

Methyl cenanthyl, . 

Tetryl-valyl (valerone), 

Amyl-capronyl (capronone), 

Heptyl capryl (caprylone), 

Octyl-pelargonyl ^elargonone), 

Laurone, 

Myristone, ..... 

Pahnitone or Margarone, .... Cull,, C,„H ,,0 

Stearone, 

ACETYLINE A gaseous hydro-carbon of the composition CglT^ It is a constituent of 
coal gas, and may be formed amongst othc r ways by the direct union of caibon and hydrogen at 
the high temperature of the electric spark It is a colourlobs gas, slightly soluble in water, 
burning with a bright smoky flame Its specific gravity is o 92 When passed into ammmiacil 
solutions containing copper or silver, it unites with these metals, forming insoluble ocetylides, 
which when dry explode violently on the application of heat 

ACHERNAR (Arabic ) A fine star m the southern heavens, the chief bnlhant of the 
constellation Endanus It does not rise above the horizon of London 

ACHROMATIC PRISM Under the head of uLhromaitsm we have explained how it is 
possible to obtain refraction without dispersion by placing together two lenses of different kinds 
of glass £y taking prisms of flint and crown glass of such angles tjiat the dispersions are 
alike, and then placing them together reversed, the pencil of light refracted and dispersed m one 
direction by the flmt glass will be refracted and dispersed m the opposite direction by the 
crown glass The dispersions being equal m amount will neutralise each other, but the 
refractions being different there will be a balance of one over the other, aid *the result will be 
refraction without any prismatic decomposition of light {BoQ>Achromattsm ) 

ACHROMATIC TELESCOPE A telescope, the object-gla^s of which is rendered achro- 
matic (see AchTOTnatum) Achromatic telescopes are now umveroally employed, except when 
reflecting specula are used One of the best treatises on jthe gener^ principles of the achro* 
matio telescope is by WilhoiA Simms, F R S {The Achromatic TeUscopCf London ) See also 
articles on this subject m Nushol’s Physical Sciences, We have made use of these m the foUow* 
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ing details — In the larger sized telescopes for astronomical purposes the body is usually of one 
tube In the smaller ones it is formed of several tubes sliding within each other for the sake of 
portability , this form is apphcable only to pocket telescopes used for terrestrial purposes, in 
which small deviations from straightness will not sensibly impair the performance of the mstru* 
ment , but such a construction is wholly mapplicable to more powerful telescopes, for which the 
tubes cannot be too rigid, flexure deranging the concentric positions of the included lenses, and 
therefore mjunng the effect Several rmgs or stop» are placed within the body of the telescope , 
they serve the twofold purpose of strengthening the tube, and of cutting off all extrauepus light 
which, if admitted, would difluse a foggy or nebulous appearance over the whole field of view, 
and interfere greatly with distinctness These stops have holes of such diameters, and are 
arranged at such distances, that the light is limited to the cone of rays converged by the object- 
glass Care, however, must be takep that the effective aperture of the object glass is not 
lessened by them, or the advantage of the larger instrument will be lost This may be proved 
by looking through from the eye end of the telescope without an eye-piece, the eye being in or 
near the focus of the object glass, under which circumstances the whole of the object glass 
should be seen, but all parts of the intervening tube should be concealed The stojis, and also 
the inside of the tube, as far as practicable at all events, near the object-end should be covered 
with a dull black pigment, in order that no light may be reflected in any direction within the 
tube The perfonnance of a telescope depends, in no small degree, on the accuracy of every 
part of the work , the tubes should be straight, and the joints and cells very carefully turned 
and fitted , for if these precautions be not used, the lenses will not have a common axis, a con- 
dition mdiapensabla to anything like a satisfactory effect The iittmg and fixing of an object- 
glass withm its cell is an operation which requires a great deal of experience The lenses must 
not be so loosely held as to be at liberty to change their positions, neither mu‘,t they be so 
tightly fixed as to incur the smallest nsk of being bent or pinched, either by the screwing of the 
object-cell into the object end of the tube, by contraction of the cell m cold weather, or by any 
other cause The effect of contraction of the cell in cold weather, for example, is a circum- 
stance which requires a special provision in telescopes of largo aperture , for if the cell were 
made so largt', that it could not pinch the glass ui extreme cold, it would be irn properly loose at 
the temperature of our warmest seasons It la necessary to warn the inexperienced observer, 
who may find himself under the necessity of removing his object-glass from the cell for the 
purpose of cleaning, that care must be taken to replace the lenses in all respects os they were. 
left by the optician The same sides of the lenses must be in contact with each other, and the 
same fpie turned towards the object — an error in either of these respects will totally spoil the 
performance of the object-glass Except in cases of necessity an object-glass should never be 
Temoi ed from its ccil The only reasonable excuse foi doing so is, the removal of moisture 
which may hav'* accidentally penetrated between the glasses , and when this has really occurred, 
inasmuch as ics effect will be to produce a permanent stain, and, fh some degree, to impair the 
hnUianey of the instrument, the sooner it is wiped off the better The heavy flint-glass, which 
had a large quantity of lead in its composition, is peculiarly susceptible in this respect, so much 
so in some specimens, that exposure for a short tune to a moist atmosphere, more especially if 
It be charged with any appreciable quantity of sulphuretted hydrogen, produces rapid decompo- 
sition of the polished surface A soft silk handkerchief, or a carefully ohoseu piece of chamois 
leather, may, perhaps, be most safely used for wiping the surfaces of an object-glass , and the 
apphcation of a few drops of alcohol will assist in removing any impurities that adhere to the 
surfaces of the lenses When nothing but loose particles of dust require to be removed, a soft 
camel’s hair brush is by far the best instrument for the purpose K^ecessary, however, os an 
observer may find it, in the event of an accident, to meddle with his object-glass, it is much better, 
if possible, to avoid doing so altogether, and to this end the utmost care should be taken to 
keep it out of the reach of dust or moisture A telescope used at night m the open air should 
be furnished with a dew-cap, which is a cylinder of metal, black within and bright without, and 
made to fit upon the object-end of the telescope, its length varying from 8 to i8 inches, accord- 
lug to the aperture of the glass This, under ordinary circumstances, will prove a sufficient 
defence In testing the quality of an object-glass the considerations especially to bo attended 
to are the punty of the material and the correction of the two kinds of aberration, the sphenoid 
and the chramatic* ^t will, of course, be obvious that in addition to these matters, good work- 
manship in the formation of the ourves, and judicious mounting and adjustment within the cell, 
are conditions indispensable ^ fine performance , for even with good matenals, and due atten- 
tion to theory, it is impossible to produce a good object glass without a competent degree of 
practical skill In working and mountmg the lenses of which it is fcomposed Some judgment as 
to the punty dl the glass may be formed in the following manner — Dire?t the telescope to the 
noon’s limb, or to the planet Jupiter. Take out the eye-piec^ and place the eye in or near the 
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focus of the object-glass Then if the eye be moved about so that the patch of light, with 
which the object-glass appears partly filled, be made to pass and repass slowly across its surface, 
any irregular refractions, and especially the presence of vems, will be immediately detected 
With regard to the spherical and chromatic aberrations, the extent to which the first has been 
eliminated, will be shown by the jiermanence of the focus, whether the image be formed by the 
centra or by the circumference of the object-glass , andthe last by the absence of the more brilliant 
colours of the spectrum , for a pei feet reunion of all the colours is in general unattainable 
For the adjustment of an object glass, an artificial star, formed by the sun’s image reflected 
from a {lolished hemisphere of dtirk colomed glass, or the ball of a broken thermometer tube 
placed at any convenient distance, say from thirty to sixty yards, is an excellent object , so like- 
wise la a small 'circular white disc upon a black ground The image should ajipear sharji 
and well defined, and if, on being put ti little out of focus, the enlarged disc docs not expand 
equally all louiid, but presents an elongated figure ifi one duection, the defect is generally 
attributable to the inoiuitiiig — not to tho glass — and ansps from the objeet end being tilted 
upon the tube The peifoimaiiee of a telescope dcjiends inoie iijjoii the tju jnece than is 
ordinarily imagined A bad eye jnece will undo the work of a good object gl iss, and conse- 
quently too much care cannot be useil inmikmg a selection Tlie loss of light by reflection 
and absorption iti an eye-piece consisting of two or uioie lenses has induced soim obseivers'to 
give the jneferenee to a single lens, eitlier convex or concave, ami if such a lens be made 
achromatic one very serious objection to its use 1-, to a gn at estent vemovod There will 
remain, however, the incoiiveiiienco of hiving so small a field of view tint the woiking of a 
telescope with such an eye-glass, especially if it liave any high degree of in igiiitying jiower, is 
troublesome and eirib in issiiig in the cxtieme The < ye jiieee most m use, ami altogctlier best 
adapted fur ftstrnuomic.al puiposes, is tlio ITwifrjpmint or eyejiiece, ^wlueh. see) 

Eimsden’if or the 1 ‘ovtae etojueeo is sometimes used for iinernmctiic work, and tho JiieUiiiy 
I'ye-picoo IS used for teriestiil teleseojies The iv ly in wLieb a tikseojie is mouiitfil w by no 
means a matter of iiidiffereiiee M my first i ite instnimonts are little used or used to no good 
puipo«e* for wiut of being fiimly suppoited and fitted with such mcoliamcal moinB as ivoulil 
enable tho observer to hud an olijeit and tximiuc it at his leisure Tho diflen iit fonns of 
stand are — The pill ir and il.iw st’iid, £oi tclcscojics of fiom 30 to 45 Indus foi d length 
This stand la sometimca fuinislicd with leitical .iml hmizoiital rack movements giving slow 
_motion 8 , by means of which the ob&ervei may follow a star much mure jierf oi tly and with 
greater facility than ho would by iiionlyr pressing the telescope fonvaid by li.md Laiger 
telescopes aie gcncially mounted cciiiiton.iUy, 01 as luoridian instruments, S(.o Aiinoinrttism . 
EjcpiWj Nci/uluc L'^c-j^iicu, EusUneEi/epiucj (HjtUylasa, Tdcstopi, Tdiscope, ilaynifymr/ 
poroer of 

ACHIlOMATIiSM (a, without , pifpiD/ia, coloui ) It has been found that jinsms of different 
kinds of glass cut to produca sjjectra of tlio hame length icfiait them differently , and me iciso, 
when cut at suth an angle that they li ive the same mean rcfiaction, the length of tho spectmm 
or dispersion will be different Now, if a pi ism of flint gl iss be tiken it will jiioduco a certain 
amount of refraction and of disjiersion, and if a smulai stuijied pi ism of the same gl iss be jilaced 
behind it, in the rcveise position, the it fi.ictioii and dispersion m one iliiection byf the first piism 
will be exactly neutr.ilised by the lefiaction and disjieision lu tfic opposite diieetion by the 
second piisiii, and as a result tlicic will be no lefi letion and no colour Ifiit suppose 
a prism of croKn glaaa, b.ivuig the saino dispersion as the one of flint glass, be placed 
belund the latter 111 the icveibe position, the two dispeisioiis being opposite ami equal will 
neutialise each other, and tlic result will be while hght , but the mean lefi actions being ilifferent 
these will not neutialise cii li other, and the be im tit light will pass fhiough free fiom colour or 
achromatic, but refi acted more 01 less As a lens may be looked ujion as a combination of 
prisms with curved surfaces, achromatic lenses may be pi oil need m the same w ly as achromatic 
prisms Absolute achrom itisiii is imposBible, owing to the spcrti i fiom different dispersive 
media not having -vn exact proportionality to one aiiotliei Tins is calk d Rationality of dispersion 
It may be cured m some ilegree by introducing a thud lens of plate gldss m addition to the flint 
and crown glass lenses An tinder coirectcd lens is one m which tlie correcting lens of flint 
glass does not quite accomplish th. puiposc, and m this case tlic violet lay will come to a focus 
a little within the red In an over corrected lens the erroi is of the opjiojitekind, and the eider 
of colours will be inverted . 

ACID (Acidua, sour ) A class of chemical comjiounds which have certain properties m 
common They may be considered as salts of tho metal hyiftogeniiun, or hydrogen The 
general properties of the most iinportaiit acids are, solnhihty m water , sour taste power of 
reddening htmus , the power oA decomposmg carbonates with effervescences; the jiower of 
neutralising alkalies and bases, foiTning salts. The progress of modem chemistiy is gradually 
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readcnng the term acids less definite, and it is not improbable that it will be dropped altogether m 
strictly scientific writing, although m ordinary chemical language it will be retained as a oouvcnient 
term for expressing a \ery wide class of substances All the above charactenstics are seldom 
possessed together, many acids having only ono or two of these properties, and some substances 
wh’oh are not acids possessing all of them Thus silicic acid is not soluble m water, has no 
sour taste, and docs not redden litmus Peihaps the most correct definition of>an acid is.that of 
a salt of hydrogen, capable of forming salts with other bases , this, liowever, only removes the 
difficulty of defining what an acid is to the equally great one of defining what is a suit and 
what IS a hase ' ’ 

ACIDIMETRY {Aridut, fierpiu, to measure ) The determination, either by loliimctnc 
analysis, or by direct weighing, of the amount of real acid contained m acid sofutions Suppose, 
for example, we require dilute sulphuric acid , befoie the solution can be used with any cer- 
tainty in many processes, it is necessary to know the actual .imouut of SOj m lOO paits of tho 
hydrated acid 

ACLTNIC LINE (o, without, icXfre), to incline) Ilefening to Terrestrial Magnetism, tho 
achnic line is tho line passing through all the points on the cat th’s surface which lia\e ^ero 
magnt tic inclinutwn or dip Tliat is to say, tho points at which a dqqnng ncctlle a'-suines a 
liorizontal position (Irfue Dip, Mai/iirln ) This line is also called the Magnetic J'^iuator It is 
a somewhat sinuous line , differing not much fioiu a gicat ciiclc of the eaitli , aiul cutting the 
geograpliK al equator lu two parts, one of whitli is lu the Atlantic Ocean near tho west coast of 
Africa, and the other nearly l8o°clistint fiom tho fust At these points the aclinic lino is 
inclined to the geographical cquatoi at an. angle of about 12“, lying 111 the E.istcin hemisphere 
to the noith, and in the Western to the south of it (Sec Muf/nctism, Ten rilriul ) 

ACIONILTXK 'i ho active pnnciplc of the monkshood (Aioiulitiii, JVujnllu'i) It i-i diGicult 
to obtain (Tj talhno, b it generally f 01 ms a white pulvcuilciit 01 compaet aitreous nlhss, po'-sess- 
mg no odour, but .1 stiong Inttei taste , it is v<iy soluble m dcohol, less so in water , it niells 
at 176” E 'J’he solution has an alkaline reaction, and nentiali'-es aetd'», foinnng salts, which aie 
not ea^v to crjstallisi Aconitine and its salts aic mtensoly poisonous 

ACk US'l’ICS (a^ouw, to hear ) Projierly the science of hcaiing, but at picscnt no distirc- 
tion IS m ide between the science of sound and acoustics Sec Sound 

AITlOTjEI N a colonilcss raolnlo liquid lightci than water, and boiling at 53“ C (126“ E ), 
Tt ]iossi,ss s i high' / iiTitatirig iction upon tho ejes, wlneh iindtrs working with this subsl men 
oliuo-'t 111 -.11] poi uabh h’oiinula, It is icidily mil immahle, dis-iolvcs slightly lu 

watci, and is i pioduct of the dcatructuc distillation of fatty substance-, bung pioduced fiom 
the glj( I r'lie winch they contain (J\id ition converts it into a( 7 i/h< ami, ( jH ,(I, 

ACKUNYCAL ^'•irpos, at the snuinnt, and vi'f, night ) Sometimes, but incorrectly, 
WTittcn arlnumcid A celestial objt ct is s vid to bt attonyiul when it is opposite tho suii, and so 
culminates at iralniglit When a stai nsi s as the sun sets, it is^aid to rise acron} t illy , and 
conversely, to set acionycally, when it sets as the sun sets In ancient astronomy tlnec ihtfe- 
reiit modes in which a st.ir's using or setting might be related to the sun’s, wcie recognised, 
VIZ , the aironjcal, the cosmical, and the hdiucul 
AllIlYLIC Atfll) SceAtiofcia 

AdTINlO IN'I'KNSITY OK JJA YLIGHT Sec DayliyJit, Actinic intensity of 
ACTIN ISM (uktIv, a ray) A term fii-'t employcil by Kobert Hunt, to express the chemi- 
cally active 01 jihotographie rays of light When a solai spoctiimi is examined by appropiiato 
means it is found that the visible poition by no means constitutes the whole of it IJejond tho 
ri d end the heat rays extend, whilst beyoinl the violet the spi chum is extended for a coiisidei- 
ablo distjnee, consisting of what is termed the actinic, ultia violet, fluorescent, photographic, or 
cheimcal lays of light When a solar spectium of consiilerable jiunty is allowed to fall on » 
sensitive pholiigtapliio plate containing iodide of '-ilvcr, no effect is prwluced by the ultra red, 
the red, oiange, yellow, gieen, or blue lays , the action commences at about the fixed lino G, 
and continues uudei:. favouiable circumstances of atmospheric transparency to a distance 
exceeding by about 8e’^■en times the visible limits of the solar spectrum This photographic 
impression is seen to be furrowed across with a great nnnilier of hues of all degiecs of width, 
sharpness, and intensity, showing that the fixed hnes of the spcctium arc not coiifmed to tho 
visible portion I’hfcse lines can also be rendered visible by receiving the specti um on a screen 
of some fluorescent substance (see Fluorescence), such as uranium glass, or a card washed over 
with sulphate of quinine solution There is nq sharp distinction between these actinic rajs and 
the visible rays , in fact, thc\iolet and indigo may be considered both light and actimsm, in tha 
same way as the extieme red rays may be considered as light and 1 eat Although, thei-cfore, 
the term octuiiSm is not accurate, as applietl to a ^juj lion of the spectrum, it is a very convem- 
ent expression for a property of that portion (See Spectrum , Fluorescence ) 
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ACTINOMETEB {ixrlv, a ray, and fierpiu, to measure ) An instrument for measuring the 
■mount or intensity of the actmic or chemical rays of hght Several contrivances have been 
proposed to effect this object, thus a sensitive surface of chloride of silver is found to darlcbn, 
when exposed to hght, in proportion to the intensity of the hght and the duration of exposure, 
and since this-darkemng is produced entirely by the actinic rays, the depth of tint produced by 
(say) five mmutes’ exposure will give an approximate idea of the intensity of the actinism 
present The difficulty in this case is to prepare chlonde of silver paper which shall always 
have the same amount of sensitiveness. The chemical photometer of Professors Bunsen and 
Boscoe (Phil Trans , 1863, p 139), is based upon this pnnciple Dr Draper employed for this 
purpose the reaction originally observed by Gay-Lussac and Thdnard, that chlorine and hydro- 
gen when mixed' m equal volumes do not combine in the dark, whilst they unite to form hydro- 
chloric acid when exposed to the actmic rays of light Draper discovered the important law 
that this action varies in direct proportion to the actinic mtensity of the light, and to the time of 
the exposure Professors Bunsen and Boscoe have devised an instrument, which they cbU the 
“ Chlorine and Hydrogen Chemical Photometer,” based upon this principle, and by ascertainmg 
the conditions necessary for giving accuracy, they have placed the subject of the measure- 
ment of the chemical action of light upon an exact scientific basis For further jiarticulars see 
the ongmal memoirs of these chemists (Phil Trans, 1857, pp 535, 381, 601 , 1859, p 879 ; 
1S62, p 139) Other actinometcrs have also been proposed, based upon other chemical 
reactions , thus a solution of chlonde of gold and oxalic acid will remain clear m the dark, but 
precipitates metallic gold when, exposed to the actinic rays. Several other reactions of this 
kind are known in chemistry, and might possibly be utilised (See Actintsm , , Photometer ) 

The term actinometer has also been applied to a thermometer for measuring the heating 
effect of direct solar rays One of these consists of an ordinary mcrcunal thermometer, with a 
large bulb'^and an open scale , observations are made by placing it alternately in sbado and m 
sunshine for equal intervals, and noticing the difference between the readings The Kev G C 
Hodgkineon has desenbed (Pro R S , Jan 1867} an instrument of this kmd. It cannot be 
too much regretted that a name which, by umversal consent, has hitherto been used in refer- 
ence to the chemical rays of hght should be applied to an ordinary thermometer 

An instrument mvented in 1825 by Sir John Herschel for measuring the intensity of the 
sun’s heat was the first to receive the name of actinometer It differs from the pyrheli- 
jorneter of Pouillet, in the mode of indicating the absorbed heat, the amount of which is shown 
by the expansion of a solution of ammonio-sulpliate of copper, produced by the action of the 
sun’s rays on a known area of the vessel containing the expanding liquids The results 
obtamed by Herschell and FouiUet, with their different instruments, agree very closely (See 
also Heat, Sources of, Pyrhelvometer ) 

ACTION AND llE A CTION In mechanics, the effort exerted by a power on the body 
on which it acts Action nfay be exerted for an appreciable time, as in the case of pressure, or 
for an indefinitely short instant of time, as m the case of percussion Action is always met by 
a resistance termed a reaction, and it is an axiom of mechanics that action awl reaction are egu^ 
and opposite. This is Newton's third law, and was proved by him by many experiments The 
following are illustrations of the axiom — When a weight rests on a table, the table presses 
against the weight with a force equal to the pressure exerted by tLe weight on the table When 
one ball strikes another, the force with which the second tends to stop l^e first is equal to that 
with which the first tends to move the second. 

ADAUA (Arabic ) The star e of the constellation Cams Major. 

ADHESION. (Adheereo, from ad, to, and hieteo, to stick) The force which keeps the par- 
ticles of unlike bodies in the same relative positions with regard to each other It is applied to 
the union of dissimilar bodies only, and is therefore opposed to cohesion, which is the force 
existing between particles of like nature Thus it is the force of cohesion which keeps together 
the particles of a piece of lead, but the force of adhesion which causes two plates of lead and tm 
to remain together after bemg subjected to pressure When solids ^mmersed in liquids ore 
wetted by them, it is because the force of adhesion between the sohd and liquid is greater than 
the force of cohesion between the particles of the hquid themselves Glass plunged into mer- 
emy is not wetted, there bemg no torce of adhesion between the two Bu|;>stanceB When the 
adhering liquid sohdifies the adhesion is greatly strengthened This is the case with cements, 
which frequently adhere to a body with greater force than the force of cohesion with which the 
particles keep together The substances used as cements present *^anous gradations of adhesive 
power, and are usually so chosen that the forces of adhesion, and cohesion are nearly equal, — 
thus, glue IS used for wood, reamoua materials for glass or china, calcareous matter for stone or 
bnok Adhesion between solids fi^ene of the causes of the passive rtsistaace knlwn as fnction. 
(See Friction ) 
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Adheaion la promoted by liquidity, ao that very many liquids freely mix with or dissolve one 
another In the case of the more viscous liquids, which are but sparingly dissolved by water 
tiio'struggle between their adhesion to water and the cohesion of their particles gives rise to the 
phenomena known as Cohesion Figures (See Cohesion Figures ) Yaiious manifestations of 
adheLion appear in capillary attraction, diffusion of liqmds, osmosis, diffusion of gdaes, &c (See 
articles on those subjects — also Cohesion, Aggregation ) • 

ADHESION BETWEEN LIQUIDS AND SOLIDS It is observed that, when certain 
sohds, such as clean glass, are plunged into water, the horizontal surface of tl^c water 14 -raised 
in the neighbourhood of the glass, and reaches some distance up its sides, forming a Concave 
curved surface If the glass be coated with grease before being plunged in the 'yater, the water 
IS no longer level m the neighbourhood of the solid, it curves downwards as it approaches the 
grease, forming a convex surface Agaii^ if a piece of clean platinum be plunged into mercury, 
the mercury rises up the side of the platinum as water rises up the side of the glass And if 
glass be plunged into mercury, the mercury is depressed in its neighbourhood, as was the water 
m that of the grease Accordingly, whether the surface of the liquid in the neighbourhood of 
the solid be convex or concave, depends upon the nature of the liquid and of the solid which are 
in contact Whenever the concave surface is produced, the sohd, when withdrawn, is found to 
be wetted with the hquid Whenever the convex surface is observed, the sobd, when with- 
drawn, IS found to be free from the liquid This already points in the latter case of the supc- 
nonty of the cohesion of the liquid over the acIliGsion between the liquid and solid, and, in the 
former case, of the superiority of the mutual adhesion over the liquid s cohesion This is clear 
if we consider the forces at work Imagine the liquid to be horizontal The cohesion of the 
hquid will tend to urge it to assume a spherical form, that is, to acquiro a ruuudccl edge, to 
assume which shape it must leave the solid This force may be represented by a siimle force, 
G, bisecting the angle contained between the surface of liquid and the immersed wall of solid 
There will be adhesion in the region of contact which will be exercised with equal force, A, in 
two directions, the one bisecting the angle between the projecting surface of the sobd and the 
continuation of the liquid surface (into the sohd) , the other, at nght angles to this, bisecting 
the continuation i.f the liquid surface and the submerged wall of sobd The vcitically upward 
and doivnward tendencies of the two forces, A, will be equal and opposite, and they therefore 
may be neglected The resultant will be 2 A cos 45” The horizontal tendency of the force 0 
is C cos 45 Thortforo, the proportion between the tendency tow ards the will (due to adhe- 
sion), and the tendency away from the wall (due to cohesion), is that of 2 A to C If, there- 
fore, the cohesion is more than twice as great as tlio adhesion, the former will prevail, and the 
hquiil ivill rise up the side of the containing vessel If the cohesion is less than twice as great 
as the adhesion, the latter will prevail, and the liquid in the neighbourhood of contact will bo 
rounded If tb^ two are equal (2 A=:C), a perfectly flat hquid surface will be preserved up to 
the Solid (See CiipiUarity ) * 

ADIFOGEHti (Adejps, fat, and cera, wax) A peculiar fatty substance, resulting from 
the slow decomposition of animal matter in a moist locality It consists cbicHy of solid fatty 
acids Fourcroy gave an account m 1789 before the Acodemio dcs Sciences of the opening of 
a grave in one of the Paris cemeteries, in which ho found a shrunk body, m various ports of 
which were lumps of adipocere 

ADJUSTING SCREW {Adjustare, from ad, aad juatus, just, right) See Clamp 

ADJUTAGE A tube through vhidi the water of a fountain is discharged 

^ELOPILE {^olus, god of the winds, and pila a ball ) A hollow sphere of metal, furnished 
with a tube terminating in a smiU oiifice When water is introduced into the Bjihere, and it is 
placed over a fire, steam is formed, and rushes from the mouth of the tube, producing a more or 
less violent blast The ancients, to whom the jelopile was well known, considered that the 
water was convei ted mto air, and were w ont to illustrate the production of winds by the above 
means Tlie jelopile was much used dunng the early penod of scientific research, and is not 
unficqucntly mentioped-tjr Robert Boyle (17th century) Perhaps the earbest mention of it la 
m the TTi'ce/iariKa of Hero of Alexandria 

-®OLIAN HARP A musical instrument, named from ^olus, the heathen god of winds, 
m consequence of its music bemg produced by the action of the wind It consists of a lx>x of 
thin deal, of a lengtif el^ual to the width of the wmdow in which it is to be placed, its depth five 
or six mches, and width seven or eight inches Along the top of the box a variable number of 
catgut strings are fixed, passmr^Over two bndgea jdaced transversely, and attached to pegs at 
each end of the box Thus the strings can bo tuned to any required note , and generally all 
. are tuned to the same note. When the instr>imeiit is placed with iLo stimgs outward m the 
■wmdow to whiclAt is fitted, ctud the wind blows on the wmdow, sounds resembling the singing 
of a distant choir ore produced, varying in mtensity with the strength of the wmd. The nuxu- 
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ber of elxings ia usually seven, ten, or fifteen , and occasionally the two extreme strmgs are 
tuned to two octaves below the others 

^PINUS CONDENSER {constructed by jEpmus about I7S3), is an instrument for coU6ct- 
ing electricity^ Its principle depends upon induction, and the apparatus is much used to 
illustrate the ptienomena of mdnction, and to explam the prmciple of the Leyden jar (See 
Cmdemer ) 

^PINIIS’ THEORY explains the phenomena of magnetism by supposing a fluid which per- 
vades mjLgnetic bodies, such as iron, colialt, and nickel The particles of this fluid aie assumed 
to repel each other, but to attiact the pattitles of the iron, luckel, &c He, moreover, supposes 
the particles of tfic iron or nickel to ic'pcl each other, and explamed on this assumption the well- 
known laws of magnetic attraction and repulsion 

AERO DYNAMICS {^'hp, the air, and dvpaput, pnrvcr) The science which treats of the 
motion of the air, or of the mechanical c‘ffects of an put m motion * 

AEROLITE {avpi “•nd XtOos, a stone) 'I'lie n iiiie given to those stony and metallic 
masses which icaeh the oirth’s surf, tee from the interplanetary spacts, after passing, with or 
without explosion, through the atmosjihore The interpretation of the phenonuna presented in 
common by aei elites, bolides, and shooting stars, is dealt with under the head, itikors, Luminous, 
Here, theiefoie, we shall eon«ider only tlio pcciiliaiities distinguishing this particular class of 
bodies from their fellow travelleis amid the inlciplaiictaiy spaces 

Erom the eailicst ages we hnd lecords of the fall of aerolites “ It is a fact,” says Sir John 
Hcrschel, “ established by the most indisputable ciulenco, that stony masses and lumps of iron 
do occasionally, and, indeed, by no means unfieipicutly, fall upon the earth from the higher 
rcgioiie of our atmospheiu (where it is obviously iinposaiblc that thi y can have been generated), 
and that tfiey have done so from tlie eailiest tunes of history T'oin instances ire lecorded of 
persona being killed by their fall ” In the year B c 4C5, a atone fell at vl'lgos Potamoa, which 
IS described as being eipi il to two mill stones m volume Pour centuries after it* fall this stone 
coiitmued to bo an objictof nitoiest, but aftcrwaids it appears to have been lost sight of 
Humboldt recommends tb it travelleis in Thrace should sc ireli for it OnNoveinher 7, 1492, an 
aerolite fell at Eiisislu nn m Alsveo It Wiis preseried as a relic in the cathedral of Ensitlieira 
until the Ereiich revolution At present it is pieseived m the public library of Colmar Tlie 
^Emjieror Jeliangiro had a swoid forged for him fiom a mass of meteoric iron which fell at 
Johlindcr in 1620 Amongst many other modern instances may bo mentioned the fall of 
aorohtes at L’Aigle m Nonri indy in Apiil 1803 lu this mstanee it would seem that a m iss of vast 
sue had exploded in the uppci regions of an, foi the fill was piceeded by the appe.uauco of a 
Boiall black cloud, ivhieh suddenly broke up with a violent explosion TJpwanls of 2CXX> frag- 
ments were collected from dillerent paits of a legion measuring seien miles in length and three 
m breadth Some of these weighed only a few d>-aelirat, , tlie heaviest about 174 lbs There 
aro sixteen well-autlicuticated instances of the fill of aeiohtes in England and Scotland, while 
four have been recorded as having fallen in Ireland, and two meteoric atones have been found 
in Scotland 

Professor Shejihcrd (of America) asseits that the fall of aciolitea “ is confined principally to 
two zones, one belonging to Amenc i, bounded by 33" and 44“ noith latitude, and about 25“ m 
length Jta directum,” he adds, “is more or lev* from iioith-oast to south-west, following 
the general line of the Atlantic coast Of all known occurrences of this phenomenon, during the 
last fifty years, 92 8 per tent have taken place within these limits, and mostly in the neigh- 
bourhood of the sea The aoiie of the eastern tontineut— with the ( xception that it extends ten 
degrees more to the north — lies betw^ctn the aaine degrees of latitude, and foUovvs a similar 
north-east direction, but is more than twice the length of the American zone Of all the 
observed falls of aerolites 90 9 per cent have taken place within this area, and were also con- 
centrated in that half of the zone which extends along the Atlantic ” The results hero men- 
tioned ore mterestmg, but not for the reasons stated It has been well remarked by Mr 
Townshend Hall that the zones referred to by Professor Shepherd are eunply those zones which 
Sire most thickly peopled But it is worthy of notice, as a legitimate conclusion from these 
figures, that we must largely add to the number of recorded falls, if we wish to estimate lustly 
the total number of aerolites w aieh fall in a given time upon the earth. ' ^ 

The mass of many aerolites affords striking evidence that within thfc Interplanetary spaces 
there must exist a largo amount of material travelung as ‘yet freely around the sun In the 
Imperial Museum at St Petersburg there is a mass of mete^c iron weighing no less tlipn 
1680 lbs , while it has been estimated that an unweighed aerolite which hes on the pi.».^ of 
Tucuman, near Otumpay m South America, cannot fall -short of 15 tons m weight In the 
British Museum there is an a;.ohte which weighs more than 5 tong • 

The composition of aerohtes is exceedingly diverae. Iron is almost always present, as also a 
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percentage of nickel and cobalt Copper, chromium, manganese, tin, and uiolybdcnnin have aho 
been found in aerolites Carbon is somctunca, thongh but rarely, found Such nnuerals as 
hofnbleiide, augite, and olivine are cnmmoidy met with Twenty two elements, not one of 
which IS now, have been recognised in aeiohtes Rut though we hnd no new elements in these 
bodies, we see, not only in the way in which they are coinixinnded, Jiut also in .their stiueture, 
the cle.orest signs of a non teriestiial oiigin 'I'lie jiroportion of non comtnonly found in acrulites 
IS, for example, wholly in excess of that recognised in terrestrial snhstantoi , while we learn 
from the researches of Sorby, D'AubnSc, and otheia, that aerolites haie be eii sifbjeet to thu action 
of a heat so mteiise, and to processes of crystallisation so energetic, that no ajiplianecs knouii 
to our chemists could produce coriesponding ollects * 

Reasoning from probability, it is difhcult not to conclude, that for cicry aerolite, uLieh has 
fallen ujion the earth witbin histone tm*,s, there must be millions which have leaehed the c nth 
durhig the eias recognised by geologists, and that the total mass thus added to the earth fiom 
without must amount, at least, to many millions of tons Again it la clear that not oui f nth 
alone, but all the planets of the solar systim, out moon and tlio other satellites, every oih, in 
fact, which obeys the attraction of the Min, mud he liahh to encounter, at longer oi shorter 
intervals thesu wandering masses, to wjm h Humboldt has giv eii the cxiircbsive name of ‘ poi ket 
planets" Ivor can wc iccognise as just, iii the f lee of ill this ovnlencc to the eontiar^, th^ 
view expresseil by one of our Ic'ading adronoim i ■. th it tlu united vveiuht of all the bodies of 
the Bolar system, other than, the sun, planets, osteioiils, satellites, and haluiu’a niig, must be 
weighed rather by giams than by tons 

Much useful iiiformaliou on the subject of aerolites will be found in Di I’hipson’s treatise on 
meteoin, aerolites, and falling stars 

AEltONAUTlCy (a^p, air, and vavTtK 6 i, peitaining to ships ) The art of navig^litiiig the 
air The term is uimmonly applied to billoon-vovaging (see Balloini), but should piopeily bo 
hunted to the as yet, unlearnt art of guuling ai ii il vessels 

Jt Becnis to have been abundantly demonstrated that billoons cannot be guided through the 
au their very buoyancy placing them beyond the coiitiolof those whom they suppr)rt above 
the level of v’le e irtli hi my have, indeed, been led to rcgaid this ciicumstancc as opposing an 
insurmountablo obstacle to aeiul voyvging, Bincc it apiiears aa though the veiv means by,^ 
winch •’lone men can be suppoited above the ground must jnevoiit them fiom urging their way 
at will throLi'jh the air Rut retont luij^uii les Lav e teiidid to show tli it tin ait of uii.'l 
voyaging IS not so hopelessly uiiattauiablc as hot! been stipposuil In fact the tiuo piinciples on 
wh ill lenal ilight may be said to dcponil have only of Lite jeais been fairly leeogiiisetl The 
formation of a aocn i v, tailed the AeronautKal Society of (Ireit Rntain, prcbidid over by the 
Jluke of Argyll, and including in its laiiLs several of oin ablest men of seitne'c, has ittiaeted a 
large sh vik, ot a'tcntion to a Kubjeet hitlierto eommonly regarded aadittle woithyof eonsideM- 
tioii , and it seems far from improbable that results of toiisnloi iblc inipoitance will follow from 
the inquiiies whieh have recently been in.ade into the pnueijiles of flight 

It h IS been shown, n the hrst place, that the extent id siipiioitmg snifoeu need not be pro- 
portioned to the weight to be eaiind M do Jan y has mule a careful study of iiumeious 
birds and insects, with the object of deterinniuig the lelition between weiglit and snpjicnting 
surface Wo quote some of has results fioui a valuable papei on flying machines, by Mi 
Rrearey, honorary sccretaiy to the above named society — ‘ Al do Liiey asserts that there is 
an uneliangeable law lO winch he has neacr found any cm eptmn .amongst the consideiable 
number of birds and insects, whose weight and mc.asurcmeiit he has tikcn, viz, th.at the 
Bmoller and lighter the wiiig^ed .animal is, the gieater is the conqmative surf.aec Thus in 
comparing insects with one another , the gnat, which weighs 4G0 times more than the stag- 
beetle, has 14 times gioater relative surface The lady-bird, which weighs 150 tmii-s hss than 
the stag-bec. tie, possesses S tunes more rehative suifaee, &c It is the same with birds The 
sparrow, avhich weighs about 10 times less than the pigeon, lia.s twice as mueh lol itive suiface 
'J’he pigeon, which weigllSjabout 8 times less than the stork, li.is twice .as much rel.ativc surface 
The sparrow, which weighs 339 times less than the Austiab.m crane, possesses 7 tunes more 
relative surface, &c If we now compare the insects and the birds, the grad.ilion will become 
even more striking The gnat, for instance, which aveighs 97,000 times less than the pigeon, 

■ has 40 times more relative surface , it weighs 3,000, ocx) times less than the crane of Australia, 
and possesses, relatively, 140 tmips more surface than the latter, which is the heaviest Bird this 
author had weighed, and it was<that which had the smallest amount of surface, the weight being 
20 lbs 15 oz 2J dr avoirdupois, ajid the surface 139 square inches per kilogramme (somewhat 
more than 63 square inches per lb ) , ytet, of all travelling birds, they undertake the longest and 
most remote jouAieys, and, (tith, the exception of the eagle, elevate tLcmselvea highest, and 
mamtam flight the longest ’* 
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M de Xiucy does not notice the tendency m these nnmben towards a somewhat remark- 
able relation It would appear almost as thot^h the supporting surface increased os the cube 
root of the weight , for though this relation is not exactly presented m all the above instances, 
it IB approximated to in most of them Taking also the widest range, and comparing the 
numbq^ 3,ooo,o(}o and 140, we see that the relation is approximated to in a very significant 
manner, considermg the wide diversity between the characteristics of the gnat and the 
Australian crane._^ 

It wo'ifld appear, 'then, that the supporting surface necessary to sustain a man would be very 
much less than has been hitherto supposed And what is more to the purpose, a properly 
devised aenal machine, mtended to convey many persons at once, need by no means have that 
enormous extent of supporting surface which has been hitherto proposed for such machines 

But another circumstance of considerable imjiortance has been noticed during recent inquiries. 
It has been shown that propulsive velocity is a very important element in the question When 
a bird beats his wings up and down, for example, it might be thought that the movement was 
intended to raise the body of tho bird , in reality, however, the object of the moiement is com- 
monly to secure a motion directly, or almost directly, forwards Support is secured, not by the 
greater effectiveness of the downward beat, as compared with the upward motion of the wing, hut by 
the rapid transference of the bird’s body over continually new regions of air It has been shown, 
mdeed, by Dr Pettigrew, that the action of a bird’s wmg m moving both upwards and down- 
wards, resembles that of a screw propeller The present writer has been much struck Ijy the 
singular horisontality of a pigeon’s motion on first leavmg level ground, the wings beating 
sharply upwards and downwards, but the bird's body advancing m a straight line 

It IS probable that we may find, m the circumstance just considered, the explanation of the 
relation before dealt with which subsists between weight and supporting surface , fur the larger 
birds and insects can propel themselves more rapidly than the smaller, and so gam support from 
a greater longe of air 

It would seem only possible, therefore, to master the difficulties of aerial voyaging, by secur- 
ing powerful propufijivo appliances, and it may not unsafely be predicted that if ever the 
problem w mastered, the means will at the same time be discovered of vovagmg most rapidly 
^m place to (dace 

, For an interesting account of various attempts which have been made to voyage through the 
air, the reader should consult Hatton Tumor’s Astra Gastra 

AEROSTATION A term commonly used to signify tho art of guiding aenal vessels (See 
Aeronautics ) 

A^SCULiN A ciystalliBcd substance extracted from the bark of tho horse-chestnut (asculus 
hippocastanum ) It forms colourless needle shaped crystals, which have a bitter taste , formula, 
CjiH„^Oi 3 It IB interesting, because its aqueous solution is highly fluorescent, with a beau- 
titul sky blue colour (See Fluorescence ) 

.^THRIOSCOl^E {atOpos, clear, and oKoviv, to view ) An mstrumeiit for measuring the 
radiation towards the sky It was invented by Sir John Leslie, who, however, was not able 
satisfactonly to interpret its indications It consists of a differential thermometer, one bulb of 
which is placed in the focus of a metallic cup, which protects it from terrestrial radiation, but, 
when uncovered, permits it to radiate its heat freely towards the sky Tho other bulb w pro- 
tected in such a way that its temperature is the same as the air throughout the experimental 
use of the instrument If now the met illic cup is uncovered, the exposed bulb will lose heat 
by radiation towards the sky, and as the other will keep its temperature unchanged, the motion 
of the column of liquid m the tube of tlie difterential thermometer wiU indicate how muoh heat 
IS lost by radiation from the exposed bulb Leslie was perplexed by finding that the loss of 
heat was not proportional to the apj’ai ent clearness of the sky He found indeed that even a 
passing cloud seemed to check the loss of he it , but “ sometimes," ho says, “ under a fine blue 
sky the ®thrioscope will indicate a cold of 50 millesimal degrees, while, on other tl lys, when the 
air seems equally bright, the effect is hardly 30° ’’ The ^iffeiencc is due to the p^e^euce, on tho 
last-named days, of invisible aqueous vapour in the air, and to the fac\i that such vapour checks 
the radiation of heat from the aefhnoscojie 

AFFINITY, in chemistry, me ms the tendency of different kinds of mutter to unite ; although 
it IS Gustomaiy in modem chemistry to object to the term on the ground* tBat, in ordinary non- 
techmeaf language, it means “ resemblance,’’ whereas bodied that least resemble each other — 
such as copper and sulphur, iodine and phosphorus — unite with £jie greatest energy , while bodies 
that most resemble each other, such as chlorme, bromine, and iodine, have but bttle chemical 
affinity for each other But the word affinity also means-'* relationship” and “ties of family," 
and itjs m this sense that the metaphor is properly used m chemistry, indicating not a " resem- 
blance^” but ” a disposition to unite.” In this sense the term was ^st brought into use by 
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Boerhaave as early as 1732. Others give the credit to Geoffrey, who pubbshed hia Tables of 
Affinity in. 1718 The uffiuence of Newton in this country, and the jealous feeling entertained 
towards France, led our philosophers to prefer the term “ chemical attraction,'’ which intro- 
duced a mechanical idea into chemical work, and thus produced confusion of thought, which, 
as stated above, still prevails 

Affinity is exerted within mcommensurable limits, amounting to what is popularly called 

contact,” Tartaric acid and sodic carbonate, for example, exert no action if mingled together 
in the foi-m of dry powders , but, by the addition of water, they enter mto ^solution aiKl thus 
exercise that close adhesion which insures energetic chemical action 

Geoffrey’s Tables, already referred to, indicate the order in which bodies displace each other, 
and thus mark to some extent the force of affinity For example, m the following table certain 
bases are arranged m the order in whic]i they duplace each other from the salts which they 
form respectively with sulphuric acid — 

Sdlphdhic Acid. 

Baryta. j Soda | Ammonia 

Potash I liune | Zincic Oxide. 

Affinity produces an entire change in the properties of the bodies brought together, thereby 
distinguishmg affinity from mechanical action Thus, magnesia, mixed with water, produces 
scarcely any chemical change, for, by passing the mixture through a filter, nearly the whole of 
the magnesia can be separated , but if to the mixturo a Lttle sulphuric acid be added, a true 
chemical combination takes place by virtue of the affinity existing between magnesia and dilute 
sulphuric acid We get a new compound, with properties different from those of the com- 
ponents. The acid IS sour and caustic, the earth is msipid and alkaline , the cumpouqd is bitter, 
forming the well known Epaom aaUt. 

Hence thorc is a specific difference between a mechanical or physical phenomenon and a 
chemical In one we get the mean of the properties of the component paits, in the other we 
get different properties — a new body m fact 

In the exercise of afflmty thero is no destruction of matter There may be, and often is, 
change of state, as from the sohd to the liquid or gaseous, and the gases may escape unnaticcd 
by the unskilled eye, but the chemist knows how to collect and account for all tho results of 
chem cal chan:;e 

Ur der tho influence of affinity bodies sometimes unite directly, as when hydrogen, burning 
in air, unites with oxygen and forma water , or by auhstiluiion or displacement, as when, in 
the table just given, bai^a displaces any one of the earths below it from union with sulphuric 
acid 

In inary c vses affinity requires to be promoted by the action of a high temperature, as m tho 
ca«e of charcoal, which must be ignited before oxygon will unite wiA it Affinity also produces 
a change m temperature, m some cases greatly above, 111 others below, that of the atmosphere 

When bodies unite by virtue of afiimty they do so in duhiuto proportions, and this qaturally 
eads us to refer to Atomic T/ieom/ 

For the electiical theory of alTinty we must refer to Ehetro-ner/atne and Eledto-poaitiie 
Those who would account for affinity entirely on electrical grounds, have failed to pomt out by 
what force the components of the compound are held together 

AGATE (oxdrijv) A mineral consisting of quartz, coloured by various substances, and 
sometimes blended with jaspar and camehan There are several different kinds known os 
Moss ayate. Fortification ayate, RMon ayate, &c , from the appearance of the mterspersud sub- 
stances 

AGGBEGATION {-^yyreyo, from ad, and yrcyo, to collect mto a flock or herd — from 
yrex, a floek or herd) 

Material particles naturally exist in three different conditions or states of aggregation — 
namely, sohd, liquid, and gaseous In the sohd state, cohesion bmds the particles so closely 
together that they are ndt capable of freely ghdmg over one another, and the body maintains 
the same shape until some external force acts upon it with sufficient intensity to separate the 
particles violently from one another, and to break, crush, stretch, or otherwise alter it Metals 
and rucks are exomtil^ of sohds 

In liquids, the forces of cohesion and repulsion almost equally balance each other, the par- 
tides not cohering so strongly its to be mcapable of easily ghdmg over one another, and not 
tending to fly off from each other by the mfluence of repulsion. Thus, liquids readily accom- 
modate their figures to the shapes of the vessels in which they me placed, and when a Lqmd is 
placed on a plan%, it spreadaout evenly over the surface of the plane , 

In gases tiiere is not only an absence of cohesion, but a force of repulsion amongst the par- 

B 
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tides, so that the natural tendency of gaseous particles is to separate one from another Thus 
gases are capable of indefinite expansion 

All bodies are supposed to be cax>able of existing at various times in all these states Thus 
water may be changed by cold into ice, and by heat into steam All known liquids can be 
converted into vapours, and very many gases can be liquifaed and sohdifitd by cold and pressure 
Wherever liqunls or gases have not yet been solidified, it is assumed by analogy that such a 
condition would be possible if we could apply a sufficient degree of cold (See Mtraetion, Jie- 
pulsion^ Adheswn\ 

AGONIC LINE (a, without , yovia, an angle) The name applied in terrestrial magnetism 
to the lino whuffi joins all tho points of zero magnetic dechnation on the earth’s surface , that is 
places at which the needle of the compass points due north and south The plane of the 
vwgnetic meridian of a place, which is the vertical pl^ne pissing through the two poles of a 
magnetic needle freely suspended at that place, does not in general coincide with that of tho 
geographical meridian, a vertical plane passing through the pi ice, and the north and south terres- 
tnal poles The angle hutween these planes is the magntiic derlination Hut at certain places 
these planes do coincide, and such jilaccs arc called places of no dtclination The line which joins 
all these places is called the line of no dctlination or agonic hue A lino of this kind passes 
through the east of South America to Hudson’s Bay, thence through tho North Bole to the 
White Sea, passing southwaul it cuts Aribia, ami then after traversing the Tndiiu Ocean 
and the eastern portion of Australia, goes through tho South Pole to join itself again (See 
Magnetism, Terrestrial ) 

AIK iioe Atniosph(rc 

AIR GUN A pneumatic instrument which will drive a bullet hy means of compressed air It 
consists of a gun hand communicating with a hollow hall, into which air is forced by means of a 
condenser A bullet is put into the barrel, and the valve which confim s the compressed air ojicned, 
the air then exiiands and forces out the bullet According to Boyle’s L iw, the force of tho 
expanding air is proportional to the pressure A jircssiiro of 500 atmospheres has boon attained hy 
means of a powerful condenser, but this is only about halt the elastic force of fired gunpowder 

AIR PUMP Since the pressure of the atinosjihcro maybe coiisidun d to be about islbs 
on the square inch, it follows th vt if wo have a oyhiidci closed at one end and open at the other, 
_pnd have an air tight piston on the bottom of the cyhndr r, wo shall rc<|iiue (neglecting friction 
and the weight of the piston) to exert a force .is many times I5lbs .is the mirfaco of the piston 
eoutams squaie inches, m order to overcome the pressure of the air and to move the piston 
Between the pistim .iiul the bottom of the cylinder, thcio will then bo foinied a vacuum If 
this vacuum be put 111 eoiiimuiiie ition with a lessd full of ordinary air, that is, air vthich has 
boon compressed by the atmospheric pressure, and will' h is therefore m the condition of a com- 
piessed sjiimg, this air will sjue id itself out so as to occupy the vacuous space m addition to the 
original volume of the vessel , lu other words, it vnll become uniformly diminished m density, 
and its new density will be to its ongmal density invcisoly as its new volume is to its original 
volume It uow the jiistun be jiushed back, tho air will resume its original volume and den- 
sity when tho piston reaches the bottom of the cylindei But if communication he intoriupted 
between the cylinder and the vessel when the piston is at the top of the cylinder, the air beneath 
the piston will he conipiessed .istha piston descends, until it acfjuircs the ordinary iitraosphenc 
tension Let us sujipose that tho piston is provideil with a valve A oiienmg upwards (towards 
tho air), and the cniincctiiig tube between the cybndei .lud tbe vessel whieli is being exhausted, 
has a lahc B opening into the former Whenevei tho jiistou is jiulled U]), its valve A is closed 
by tho atmospheric pressure, while the valve B is opoued by tbe clastic force of the air in the 
vessel When the piston is pushed down, the valvo B closes hy the elastic force of the air 
bene.ath tbe piston, ami at a coitaui part of the stiokc, namely, when the tensions of the 
atmosphere above and tho an below are equal, the valvo A commences to ojjen so that the air 
escapes Accordingly, at every up-stroke the density of the air m the vessel dmiimshes accord- 
ing to the relative capacities of it, and of the cylinder The valv es in .the air pump are usually 
made of oiled silk stretched over holes, so that the force lequired to litt them is very small It 
IS usual also to have two cylinders and jnstoua connected hy raiket and cog-wheels, so that when 
one IS ascending the other is descending The vessel from which the air_i8 withdrawn, is called 
tho receiicr Eor many experiments it has the fonn of a strong bell jir,°the edge of which is 
ground quite flat, and rests upou a flat glass or brass plate*' into the centre of which the tube 
connecting it with the cylmder opens In connection with this c^mecting tube is a long straight 
tube dipping into mercury The height to which the inercuiy is raised is a measure of the 
completeness of the exhaustion. It is a matter of course that the exhaustion effected by such 
a machine is never quite perfect, *flependmg as it does upon successive distendon. 

AIR PUMP, SPBENGEL’S. See Sprengtl Pump. 
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AIR THERMOMETER The air thermometer w an inHtrumcnt which conHiata of a vessel 
containmg a volume of air shut off from communication with the external air hy a cohijjm of 
liquid contained in a tube of small bore, which tube is open at one end, and connected at the 
other with the vessel containing the inclosed air The first thermometer (see article Tlinm)- 
•metei ) was an air thermometer, and many modifications have been since devised The air 
thermometers employed by GayLussac for determining the co-efficient of etpnusion of an, 
consisted of a oainllary tube terminated by a glass bulb , the latter contained a known volume 
of perfecbly dry air, sliut off fiom the external air by a short column of mercury in the capillary 
tube, which served as an index When the bulb was heitcd the air withm it exjuuded, its 
pressure was consequently greiter than that of the extern il air, and the mercury m the c ipillary 
tube was forced further fioiii the bulb , a revirse effect took place on cooling the bulb With 
such thermometers, a correction mnsf^ always he made for atmuspheiic pressure, as, unlike 
mescunal thermometers, they arc open to the iir Regiiault has compared the air with the 
mcrcuiial thcimomctcr, with the following results — 
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From this wo see that the agreement is tolerably close up to 260* (' , beyond which, to the 
boiling point of morcuiy (350’ dctemuucd by the air thermometer), the ilivergoiuo incic ises 
Ile^iiault has measured tho higli tcnqiciaturos of futiiaccs, by heating a weighed Hask of 
pUtiuuiii 01 poiccl.un cont.uimig mercury, m the fuiuace the tcnqiciature of which is to be 
isrci famed Tho morcuiy boils and expels all the air from the flask, which is then filled with 
till i ipoiir of mercury at tho tcmpei ituio of the fiiin ice , it is now clusod, withdrawn from 
the film ice, coolei", and weighed The various dat i now it command enable the tempeiature 
to In di fi .aiiiiied , tho volume of the flask is know'n, the weight of the vapour of mercury 
\\bi< li filli (1 It at the temperature of the fuinxce, and the density o? that vapour Doville and 
'J’roost have emplojed the vipour of iodine for the same imrposo (See also Themwmeta , 
DiJ}a ential T/nrmomefc> , Expansion , Ej/roinUtr ) 

ALARASTEK See iititp/iatcs, Cakium 

AIjBIREO (Arabic) A stai m the bead of Cygnus It is a well-known and very beautiful 
double stai easily resolved The primary is orange, the siniller star blue 

ALBUMEN {Albumen, the white of an egg ) A substance oceiniing largely in the animal 
kingdom, and to a b ss extent in the vegetable kingdom Its chief hourcos are white of egg', 
and the seiuin of blood , it exists in two forms, soluble and insoluble , soluble albumen m the 
di-y s„atc is a pale yellow gunimy-lookmg mass, tasteless and inodorous, of specific gravity, i 26 
It dissolves in water containing aii alkaline salt, and when this solution is heated to 60“ C 
(140" E ), the albumen passes into tho insoluble form, and is preeiintateil as a white mats After 
CO igulatien, albumen is white, translucent, and buttle, when tlry , and opai(uo and elastic, in 
the pieseuee of water Soluble albumen is coagulated by many acids It acts elieuiieally like 
a Weak and, and fjrmsiiompounds with bases which are called albuminates, the form in which 
it exists in white of egg Is that of albuminate of sodium The albumen extracted ft 0111 vege- 
table bodies IS called vegetable albmuen, although it appears to lie identical with anmi.il albu- 


men , it occurs principally in the seed The composition of albumen is not well ascertained , 
the most prob ible tbrinula is G7jHnjNigS O22 

ALCOR (Arabic ) Flamstead’s star 80 of the constellation Ursa Major It forms a wide 
naked-eye double -with tho star Mi/ar, the imddle star of the tail, from which it is separated by 
a distctiice equal to about bait the moon’s ajiparcnt diameter (See Mtsur ) 

ALCOHOL By this name, when standing by itself, is usually understood the second term 
of senes of (Wmaiy alcohols, or vinic alcohol (See Alcohols ) It is a transparent, colourless, 
mobile liquid, of a specific gravity, o 7939 at 60“ it boils at 74 4° (^73 i its vapour 




density is i 613, its formula is CaH^O , it la the spirituous principle of wine, beer, and spirit^ 
and IB produced by the fennentation of sugar^ which is split up into alcohol and carbonic 
In the diluted state, alcohol is sometimes called spirits of wine It is difficult to render anhy- 
drous, distillation alone will not produce] an alcohol contaimng less than 9 per cent, of water, 
and this Temauiing quantity must be removed by adding something which unites with the water 
chemically, such as quick lime By oxidation it is converted into iddehyd, and then mto acetic 
acid) but other products o£ oxidation arc obtained in less quantity , these are formic 
acetal, ^etic ether, saccharic acid, glyoxd, glyoxyhc acid and glycolUc acid, the final producta 
being iMbter and carbonic acid When the elements of water are removed from abaolut© alcohol, 
ether is formed (which see) 

ALCOHOL PHENYLIC See Carlolic Add _ 

ALCOHOLS, SEEIES OF Ordinary alcohol is th^ aecond term of a senes of homologous 
bodies which differ from ono another in composition by CIIq, and exhibit a regular gradation of 
properties, physical and chemical They aro divided into monatomic, diatomic, and tnatomo 
alcohols, according as they are built upon the type of one, two, or three molecules of water. The 
principal monatomic alcohols at present known are — 

Methybo alcohol, ..... C H^O. 

Ethylic aloohol, . ... C^HeO. 

Propylio aloohol, .... CgHgO. 

Eutylic alcohol, . . : . . f 

AmyUc alcohol, .... CdHis*^- 

Caproyhc alcohol, . t • CgHiiO* 

CEuanthylic alcohol, ... 

Caprylic alcohol, .... CgtligO 


Cctylic alcohol, 
Ccrotylio alcohol, 


^ 27 ^ 58 ®* 

C'luHegO 


Melissio alcohol, . . • CnjlIggO 

There are four diatomic alcohols known. These are called Glycols They are as follows — 
Ethylene glycol, ..... CaHgOg. 

Propylene glycol, . . . t/jHgOj 

Butylene glycol, , . C^IIidOj. 

Amyltne glycol, ..... 

The triatomic alcohols are called glycerins One term only is known, namely ordinary 
glycerin OjKoOg In addition to these alcohols there are many other senes thus, we have (to 
give one instance only of ^ each senes) Allyl alcohol, CjHjO ; Caniphol, (JjoHjgO , Benzyl 
alcohol, CyHgO , Phenyl alcohol (or Carbolic acid), CjHgO , Cinnamic alcohol, OgHmO , 

Saligonm, C-HgOj , t., 

^jjCYOIfE (Greek ) The brightest of the star group called the Plendcs 
ALDEHYD A Iniuid obtained by the removal of two atoms of hydrogen from aloohol, 
whence its name, alcohol clchyiivo^jcnatus It is a thin transparent colourless liquid, of a 
strong suffocating odour, it boils at 2i" O (69 5° F ) . mixes in aU proportions with water, 
alcohol, and ether, its formula is CjHp It forms numerous compounds, amongst which the 
following may be mentioned — aldchyd-amnionia, C2H4O N H^, formed by passing ammonia 
into aldcbyd and ether It exists os transparent, white, colourless crystals, very brilliant, 
melting at about 75* C (167“ F ), aud distilhng at 100“ C (212“ F ) Acids separate aldcbyd 
from It Sulphite of aldchyd-ammouia is a white crystallme body, soluble 111 water and alcohol, 
formed by mixing sulphurous acid with aldehyd ainraonia The charactenstio reactions of the 
homologous series of the aldehydes arc the formation of defimte compounds with the acid 
sulphites of alkali metals, aud the reduction of silver salts to the metallic state, 

ALDEBARAN (Arabic ) The chief star of the constcUationTailrus , a red star. 
ALBERAMIN (Arabic ) The star a of the constellation Cepheus 

ALEMBIC (Arabic, oZ, the , amhcaj, corrupted from a cup \ A piece of chemical 

apparatus somewhat like a glass retort, but havmg the bead and neck removable from the body 
Alem bic s were formerly much used, but arc now generally supcMeded by retorts, except m some 

"^Ll^l^INE'Ti^'LES Astronomical tables, published under the auspices of Alfonso X , 

king of Castile aud Leon, in 12^2. t t,. • u 1 1 j * i. 

ALGEIBA. (Arabic ) The star 7 of the constellation Leo. U is a fine double, a good test 

for small telescopes. The components are orange and green. 
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ALGENIB (Arabic) The star 7 of the constellation Pcffasus It forms one of a rtmarh.ihlo 
square of stars, called by astronomerii “the square of Pei^.ihiis,’’ the other three stais foininii'' 
the square being a and /3 Pegasi, and a Andromeda (otherwise called respecti\ cly, Mirhab, 
Scheat, and Alphcratz) 

ALGOL (Arabic ) The star /3 in the constdlation Perseus A remarkable variable (See 
Btaia, Vartalle ) 

ALHEN A (Arabic ) The star y of the constcll itmn Gemini 

ALIDABE (Arabic ) A rod carrying the sights of aquoilrant, and serving to indicate how- 
nany degrees or minutes the observed object is raised above the horizon The term is oBsoLtc 
ALIOTH (Arabic ) The star e of the coiistullation Ursa Major • 

AlilZAli-INE I'he colouring matter of Aladder It is a htilliuit scarlet substance wliith 
crystallises in prisma, and when exposed *0 taicfiilly regulated heat huhlinics, cimdLiihing into 
beautiful tufts of scarlet needles It is only spumgly soluble in water, but dissolves in spirit 
and 111 alkaline aolutiims Its tinctoiial power is at least thirty five times as great as that of 
madder itaclf Tuikcy red, madder limk, and all the finer madder eolours aio compounds of 
alizarine and fatty aeida with bases Tlie discovery of the method of prcp.iriiig ill/ nine iirti- 
ficially IS due to two continc'iital chemists, Messra Oraebe and Lielieiinann, .iiid is the result of i 
ecientihc investig ition on the properties and moleenlar stnietuic of ah/aiine, conducted sti ji by 
step in accord nice with logical deduetions from j,lie known laws of synthetical chemistry 'I'ln 
fo'miila of ahz.iiine is J'’rom an cxamin itioii of the substances obtained when 

alizarine was submitted to eei tain chemieil opeiatioiis, it had been aseeitained tint it is con- 
nected with the hydro carbon group, coiitamiiig 044Hj„, ind by he itiiig it witb zme dust the ahov c- 
name I chemists actually obtained from it the hvdro e irhon <-'14! [jn This was sein to bt 
Klentiial with one of the solid crystalline bodies obtained m the' distiUation of C04I, inmiil 
anthraci lie , and by a somewhat complicated pioeess tin y converted tins into antlir iqumoue , 
tlicn mto bibr< in anthraquimmo , and lastly into alizanne, having by this means added O4 ami 
roiT'ived 11 j from the anthrieeiie (See Miulda ) 

A '"iKAli) (Arable ) The st ir rj of the constellation Uisa Major It la the last stai of th„ 
three which fonii the Bear’s till 
ALKALAMIDES See Amule3 

ALK VLI (Arabic, al Knli ) A name applied to a well defined cliss of bodies charactensed 
by tlie following properties 'rhey turn red litmus paper blue, completely neuti disc amis, 
t icy an soluble in water, and their sohitioub cxcit a eiustic aetioii upon animal inattei 'J'lie 
ilk.-lies iiropei are the oxides of potassium, sixhuin, hthiuiii, rubidium, and Ciesniiii 'Po these 
must be added the loinpouud alkali ammonia, the oxide* of the hypothetic il rrietil aimnoniiim, 
winch u'-ed to be called the volatde alkali, m contradistinction to potash and soda, which were 
called fix- u alkches Tlie alkaline earths are the oxides of buiuii^ strontium, ealeiimi, .nul 
magnesium The oxides of some other metals, such as silx er, thalliiim, and le.id, .ue ilso 
faoinewhat soluble in water, and possess slight alkaline pmpirties 
ALKALIMETllY The method of estimating the amount of alkali m alkaline liquids It 
IS usually effected by the volumetric process of a-nMy sis, by ascci taming how iiiauy divisions of 
a graduated tube coutaiiung an acid of dehuite strength aio required to ucutiahso the hqiiul 
under cxammation 

ALKALINE SPECTRA The spectra pioduced by the metals of the alkalies and alkaline 
earths are readily seen by introducing one of their conipouiuls into a spiiit flame, and exaiiini- 
ing the flame by a spectroscope. The flame will then become coloured crimson with htlinim, 
yellow with sodium, purple with potassium, deep red with rubidium, bluish with ca snmi, l>ii< Ic 
red with calcium, red with strontium, and green with barium Eich of these coloured flames 
gives a siK’etmm of bright lines peculiar to itself, and sulheieiitly eliaraetnihtic to be used as a 
cheimcal test (See ipti iiiii , SpecUum Analysis , Spoctia of Iht McUiUic Llenunh) 

alkaloid (Alkali, and «dos, a resemblance ) A name given to a very imincious and 
imjiortant class of orgaiifg substances, which, possessing many of the properties of the alkalic'S 
of the mineral kingdom, are termed alkaloids Some of them, hydiatc of tetretliyhum for in- 
stance, rival potash and soda in then alkahne properties Some alkaloids are oht lined exclu- 
sively from the vegfejable kingdom, where tliey frequently constitute tlie active iirmciple of the 
plant, for instance morphia, quinine, and strychnine , some correspond in composition to 
ammonia, and are produced aitifiei^y fnim it by reiilacumcnt (Sec Amides ) As a specimen 
of these, we may mention methij'lethylamylopbenylammoiiium Others m which the nitiogen 
is replaced by other elements of the same group, such as phosphoius, arsenic, antimony, 
or bismuth are ,prepared artificially Amongst these may he mentioned arsenethylnun, 
and tnethyphosphme The most important alkaloids will be described under their respective 
headings 
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ALKES (Arabic ) The star a of the constellation Crater It was probably the bng&test 
etar of the constellation when Bayer bo lettered it, but is now far less conspicuous than B. 

ALKAHSIK. See Arsenic 

ALLOTROPY Inorganic sobds occur under one of three conditions, -viz — (i ) The 
crystalline, as the diamond , (2 ) the vitreous, os glass or barley-sugar , and (3 ) the amorphous, 
OF shapeless, as* clay, chalk, &g But there arc many bodies, any one of which, without under- 
going a change in chemical composition, may yet apxieor under one of the above three 
conditionB, with striking changes in xiliysical and even chemical properties, while still retaining, 
BO to s^teak, its chemical identity Sulphur, for example, sometimes occurs m native octohcdral 
crystals, or it may be obtained in the crystaUmc form by evaporation from one of its solutions 
These crystals, which are hard and brittle, may be fused by the application of heat, and if the 
melted sulphur be poured into cold water it becomes tosigh, flexible, and translucent , it may be 
kneaded and also drawn into threads It is now m the vitreous condition, and it does not take firo 
80 readily ns ordinary sulphur By exposure to the air for a few days it becomes brittle, 
opaque, and partly crystalline, and if treated with the hquid solvent, bisulphide of carbon, the 
crystalline portion dissolves, leavmg a buff-coloured insoluble powder This is amorphous 
sulphur If this be exposed to the action of heat it recovers its solubility These three forma 
of snlphnr differ m density and specific heat 

The term allotropy (from aWos, another, and rporros, habit,) has been applied to the branch of 
science which takes account of the different sets of piopcrtics, possible to one and the same 
body Although the science of the subject is obscure, yet it seems to point to tbo fact that 
bodies possessing very different properties may bo composed of the same ultimate atoms , and 
that m the wise economy of nature the mode of arrangement of the atoms is os important as the 
elementary nature of the atoms themselves 

Notable examples of allotropy occur in the case of phosjihorus, which may be crystalhne, 
vitreous, or amorjihoiis , soluble or insoluble , inflammable or non inflammable at moderate 
temperatures , waxy andtr inalucent, or of an opaque, dull, bnck red colour, and so on. Carbon 
may also exist m the form of the diamond, graplute, charcoal, &c Compound bodies, among 
other changes, may vary in colour, as 111 the case of sulphide of mercury, which may be either 
of a black or of a scarlet colour Glass, which is the type of vitreous bodies, may become opaque, 
and semi-crystalline Even gases are subject to allutropic conditions, osone and oxygen being 
-two such states of the same body 

ALLOXAN Ono of the numerous products of the oxidation of unc acid It forms large 
transparent colourless crystals, readily soluble in water or alcohol, in the anhydrous state the 
formula is C^HjNjO^ It is decomposed by beat, and also by most reagents Hydiochlonc 
and sulphuric acids or reducing agente convert alloxan into alloxantin, whieh under the action 
of ammonia is converted ante purjiurate of ammonium or murexide (See Murexide ) Thu 
formula of alloxantm is CglT^N.Oy 3 HjO 

ALLOXANTIN See AUoxan 

ALLOYS Combinations of metals with each other are called alloys, except when mercury 
is a constituent, m which case they arc called amalyams, Thu following are the most important 
alloys — 

NAME OF ALLOT COMPOBTTION 


Aluminium bronze. 
Bell metal, 

Bronze, 

Gun metal. 
Speculum metal, . 
Brass, . . 

Dutch gold. 

Mosaic gold. 
Ormolu, . . 

Tombac, . 

Gorman silver, . 
Fackfong, 
Britannia metal, . 
Solder, 

Pewter (ordinary), 
Fusible metal, . 
Type metal, 

Stereotype metal. 


Copper and aluminium. 

Copper and tin 
Copper and tin. 

Copper and tm. 

Copper and tin. 

Copper and zinc. 

Copper and zinc 
Copper and zinc. 

Copper and zinc. 

Copper and vine 
Copper, nickel, and zmc. 

Copper and onemc 
Tm and antimony. 

Tm pind lead 
Tm^ind lead 

Bismuth, lead, tin, and cadmium 
* Lead and antimony (and sometimes 
* a little copper) 

Lead, antimony, and bismuth. 
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Shot metal, . . . Lead and arsenic. 

Standard gold, . . Gold and copper 

. Standard silver, . Silver and cupper 

In the preparation of alloys the least fusible metal should be melted first, and the most 
fusible added m small quantities at a time A flut, such as borax, chloride oLziuc, or tallow, 
(according to the temperaturel, being added to prevent loss by oxidation The fusing point of 
alloys is generally lower than the mean of the fusmg points of the constituent metals Alloj s 

are generally more tenacious, but less malleable and ductile, than would be expected from their 
composition 

ALLYL {AUiam, garlic ) The oil of garlic contains both the sulphide and the oxide of 
allyl Allyl is a very volatile liquid, possessing a specific gravity of o OS4, aild a boiling point 
of 138° F (59” C ) Formula C3HJ Allyl was isolated by licrthclot and Du Luca m 
i8£6 • 

ALLYL ALCOHOL An organic liquid, one of the senes of alcohols (See dA ) Tt 
IS of interest owing to some compounds of its radical allyl being identical with the oils of 
mustard and garlic They are as follows — Sulphide of allyl, a colourless, highly 

refracting oil, lighter than water, and bonmg at 140“ C (284“ F ) It is identical m coiiqiosi- 
tion and properties with oil of gariic Sidphocyanate of allyl, (J^ir,N’S, a tran^-paicrt, 
colouiless oil, having in a very high degree the sharp penetrating odoui of miistanl It bhstns 
the skin, and possesses in every respect the iiropertics of the essential oil cxtiaotcd fiom bl lek 
mustard 

ALM ACII (Arabic ) A bright star on one of the feet of Andromed a 
ALMAGFST (Compounded of the Arabic, al, the, and the Greek piyKTrov^ greatest ) 
Tlie name giicn by Arabic astronomers to the celebrated treatise on astronomy by Ptoli my 
ALMONDS, OIL OF BITTEll This oil is jiroduocd by the action of emillsui on tho 
aiaygualin contained lu bitter almonds It consists chiefly of hydride of benzoyl, together with 
hy'drocya iie acid, benzoic acids, benzoin and benzimidc Hydride of benzoyl, or pure oil of bitti r 
alinoud«, is a colourless strongly refracting liquid, wth a peculiar smeU and burning t istc It boils 
at 79’ C (354* ) I* *** poisonous when pure , the ordmary oil of bitter ahnonds owing 

this property to the hydrocyanic acid which it contains It is regarded as the aldehyd of tho 
benzoic group Its composition is C,!!,,© 

AI NILAM (Arabic) The stare of the constellation Orion Tt is the middle star of 
Oiion’s belt, and a somewhat remarkable object, being mvolicd lu nebulous light It is also 
vai laHo 

AIjFHARD (Arabic) Tho star a of the constellation Hydra In the sea sn ike’s body 
The star is also cad id Cor JTydut 

ALl’HECOA (Arabic ) The leading star of the constellation Corona Borealis It has been 
called “ the gem of the crown ” • 

ALPHEITATZ (Arabic) A bright star m the head of Andromeda , but also represented 111 
ancieut charts as appcrtaming to the constellation Pegasus It is, m fact, according to Bayer's 
uomcnelaturc, at once a Andromeda:, and 5 Persci (See Alyentb ) 

Al iPHIllK (Arabic ) A star in Cepheus 

ALSKAIN. (Arabic ) The star /3 of the constellation Aqiiila 

ALTAIR (Arabic ) The leading star of the constellation Aquila. 

ALTITUDE {Jltitudo, height) In astronomy, the angular distance of a heavenly body 
from the horizon, measured in the direction of a great circle passing thiough the object and the 
point overhead 

ALTITUDE AND AZIMUTH INSTRUMENT, or sometimes the Alt Azimuth A tele- 
scope so constructed as to he moveable primarily about a vertical axis, and secondarily, about a 
horizontal axis, at right angles to the tube of the telescope Such a tclc'.cojic may be directed 
towards a celestial object by two movements Thus, suppose the telescope directed m the first 
instance horizontally, fowards tho north, and that the object to be observed lies towards the 
South-west, and at an elevation of forty-five degrees Then the telescope must first be turned 
about the vertical axis towards the west and through an angle of 13S degrees, tlien on the 
horizontal axis upwards and through an angle of 45 degrees The formur angle is called tho 
azimuth of the object (see Azimuth), the latter its alUtude (see Altitiidi) , and the instrument 
derives its name from tho fact that it is brought to bear on objects by motions affecting these 
relations For scientific puitioses, the alt azimuth has not been much used The altitude and 
®*irauth of every celestial object are continually changing, so that an object can only be kept in 
the field of an alt-ozimuth by a pontmual and variable process of double motion, which no 
wachmery cam impart The alt-azimuth has, however, been used at Greenwich for determmmg 
the elevation of the moon when due east or west 
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ALUM (Alumcn) Under this name are included many salts winch arc formed upon the 
some type — that of common alum AlK(S04)j i2HjO The A 1 (aluimniiim) in this 
may be replaced by the similar metal chromium, or iron, and the K (potassium) by the similar 
mecalhc group — ammonium (NH4), or the metals silvei, cmsium, &c The following alums may 
be described -^Double Sulphate of Aluminium and Potasnum (AlKlBO^lj laHjO)— This is 
prepared in large>quantities for use in the art and manufaetures It crystallises very readily in 
large colourless octahedral crystals, which are tolerably soluble in water, and shghtly cfllorewent 
m the ((,ir Double Sulphate of Aluminium and Ammonium (AUNHJlSO^lj laHjO), or 
Ammonia* alum — This is veiy similar to xiotash alum, and is used indiscriminately with the 
latter m the arts, as the commercial value of alums depend on the alumina and not on the other 
base Commercial alum is frequently a mixture of ammonia and potash alum Chrome Alum 
— Under this head arc known double sulphates of cluo^iiiin, with sulpliato of ammonium or 
sulphate of potassium The one best known is the potassic Chrome alum (Cr 1C{!:5 04)2 
12H3U), it crystallises m large octahedrons, which have a splendid ruby red colour, and aie 
tolerably soluble in water 

ALUMINA Heii Aluminium 

ALUMINIUM The metallic basis of alumina, which, m combiratioii wth silica, is the 
chief constituent of clay The metal itself is difhcult to prejiare, but of late yeais it has become 
an article of commerce, and may be obtained at a reasonable x>i)ec It is a white metal, inalter- 
able in the' air, and capable of taking a fine polish f it is Viiy mallc'able and duetile, anil some- 
what soft after fusion, but is rendered hard by hatumenng Its spueifii gravity is 2 56 1 it 
melts a bttle above the fusing point of zinc, and may be east with readiness It is very sonor- 
ous, emitting a clear bell like sound, when a bar is suspended by threads anil struck with a piece 
of wood Its electric conductivity is about equal to th it of silver, and it is an exeelleiit conductor 
of heat Ov^ing to its inaltcLability in the air, anil non attack by sulphuretted hytlrogen, 
aluminium ornaments retain their bulb iney in the atmosphere of towns, m which siher would 
tarnish lapully Aluminiviin is not attacked by mtnc acid, dilute siilx>huric acid, or vegetable 
acids, but lijdroebloric aeid and caustic alkaline solutions dissolve it readily The atomic 
Weight of alummuiin is 27 5, and its symbol The jirineqial compounds are as follows — 

Chloride of Aluminium (AICI3) This compound is piepared by boating a nnxturo of 
alumina aud carbon m a current of eby cbloiiiu g is , it sublnnc's at a moderate be.it, coudensmg 
to p, transparent waxy substance , it is veiy di liquescent, .mil its solution in water on evaiiora- 
tion yields a hydrated chloride m crystals Ohloiulo of aluminium unites with chlonde of 
sodium to form a double salt, which is ptrmmentin the air, and only slightly deliquescent 
This compound is the one by means of which the metal is jireptired Wneii sodium is heated 
with it, the whole of the aluminium it contcOins is reduced to the metvUic slate 

Alumigxi — This is the only known oxide of aluiminiim, its foiiiiula is Al^O, It is a white 
insoluble powder 111 the auhydluus state, and after strong ignition it is almost insoluble 111 acids 
Its specihc gravity varies between 3 72 and 40 In the native state it occurs erystalbiie, and 
according to its colour and transjeirency, is known under the name of emery, ooriiniliim, sap- 
phire, ruby, oriental topaz, and oriental amethyst At the temperature of Jihe oxyhydrogen hame, 
alumina fuses, aud if chromate of potassium is added to it, the fused mass on cooling has a ruby 
colour like the natural gem Alumina forms several hydrates when xirecipitated from solutions , 
it unites with acids to form salts, the most miportant of which will be described under the head- 
ings of the respective acids 

ALWAIU (Arabic ) The star jS Draconis, one of the eyes of the monster, according to the 
majis 

AMALGAMATED ZINC If a plate of common commercial zinc be placed in dilute 
aulijhunc acid. It is quickly dissolved m the acid, sulphate of zinc being foimed if, however, 
the ^mc plate be amalgamated, tliat is, eleiuied by immersion m aud and then rubbed over with 
mercury, so os to present a bright surface, it may bo placed in the acid without being attacked 
This property has not been satisfactorily accounted for, but it is of great importance , for it 
was pointed out by Mr Kemp of Edinburgh, m 1826, that the zinc, oh btmg amalgamated, 
loses none of its power as one ef the metals of a voltaic couple On placing a copper pLite in the 
same acid, and making contact between the two plates, the solution of thq zme at once com- 
mences , hydrogen is given off from the cojipcr plate, and an electric current* is produced If 
the connection is broken, the action on the zinc at once stops Since, therefore, the zinc is only 
wasted when the current is passing, amalgamated ^mc is now used ^ all voltaic orraugements 

AMALGAM, ELEGTRIG, (fijaa, together , yapeib, to unite,) is made by nibbing together in 
a mortar i part of tin, 2 of zmo, and 6 of mercairy Or the zinc and tm may be melted together, 
and poured into a wooden box containing the mercury. The box is thru closed, and smartly 
shaken till cold. The powder produced m either of these ways is mixed with a httle grease or lard. 
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The amalgam is used for ameonug the silk with which glass is rubbed in obtaining electricity by 
friction, particularly in the case of the rubbers of the electric machine It is found that its ap- 
plication very much increases the quantity of electricity obtained hlo satisfactory explanation 
has been given of its action Probably part of the effect is due to the perfect discharging of the 
rubber, which would be effected by thus givmg it a metallic coatmg 

AMALCtAMS See Allnijs 

AM BEli (Arab Anhar ) A fossil gum found m certain geological formations, and sometimes 
thrown up on the sea-shore It is hard, brittle, and tasteless, insoluble m watci amj. alcohol, 
but soluble m sulphunc acid and m alkalis The specific gravity vanes lictwccn i 065 and i 070 
Amber IS susceptible of polish, is generally sum transparent, and when subipitted to fiiction, 
becomes highly electneal When subjected to destructive distillation, amber Jidda succinic 
acid, water, oil, and an inflammable gaj. 

AIMB liRGRIS A substance formed in the intestines of the spermaceti whale, and some- 
times cast upon the sea-shore It is a gray bnttle solid, possessing a peculiar odour Specific 
gravity, o 780 to o 926 

AMBTiLyST {o/iedutrroj, — a, not, and fiedvo), to bo drunk) A gem so named from its 
supposed property of preventing drunkenness Tlic common amcthjst is simply a coloured 
crystal of qiiaitz, and is much infcnor m value to tho oneutal amethyst, which consists of ujs- 
tallisi^d alumina (Sec Cot undvm ) 

AMIANTHUS HeeAskstos ‘ 

AM I UBS A term used to express a compound ammonia, m which one, two, or three of the 
hj’drogen atoms are replaced by an acid raihcal The nomenclature ot this subject w is very 
confused, until Gciliardt and Cliiozza (Ann Ch Phys (3) xlvi ), proposed cert iin snnplificatiuiis, 
which are now generally adopted Ammonia, in which one 01 inoic itoms of b^iliogui aio 
replaced by an acid radical, are called amidet, thus wc have acetamide, &c Ammonias, in 
which one or more atoms of hydrogen are replaced by base radicals, are called amimt, thus wo 
Imvo pota jsamine, ethyl amine Ammonias, in winch two or more atoms of hy ( Irogcii arc 1 epl.ircd 
Ijv acid and ba^iC radicals, are called ulLalnnudft , tbuswc have ethylacetamide Fiuthcr, tliubo 
thioe classci aro divided into monaviide% dtamideg, and irtamules, monaminc^ dumtiin, and 
tiiamines , moiiallalamides, dialkcdamidei, and tt udkalumvles, accordmgas they aro dciivcd fiom 
< no, two, ot thiee molocnlos of ammonia 

Ahi.lNBB 3 cc Amidta 

A&j alONJ A , or. Volatile Alkali A colourless gas of a powerful odour and taste , its specific 
gravity is o 5893 , it neither supports combustion nor respiration , it is feebly combustible, and 
lias the same action upon vegetable colours as caustic potash, the effect, however, being evan- 
escent By a cold of — 40" C (—40° F ), or by a picssuie of six atmospheres, at a temperature 
of about 30° J'' ammomacal gas is condensed to a liquid, m which state it is colourless and 
very mobile, ox the specific gravity, O 76, and boiling at — 33 7° C *( — 28 75° F ) By exposing 
the dry gas to a pressure of 20 atmospheres, and at the same time to a cold of — 75" 0 , Fvra- 
day obtained solid ammonia as a white transxiarent crystallmo body Ammomacal gas has the 
formula N H3 , it IB greedily soluble in water, with cvolutiuu of heat, and gicat expansion, form- 
uig a jueous ammonia, or solution of hydrated oxide of ammonium Ono volume of cold 
water absoibs 670 volumes of ammonia, or nearly half its weight, forming a solution of specific 
gravity o 87 s ^Vllen fully saturated, the specific gravity and boiling point vary according to the 
amount of ammonia dissolved m the water A perfectly saturated solution has a sxiccific 
gravity of o 85 and a boding pomt of — 4° C (25" F ) A solution of sjiocihc gravity o 87 boils at 
10“ C , one of o 90 specific gravity boils at 30“ C , one of o 93 specific gravity boils at 50" C , ono of 
o 96 specific gravity boils at 70’ C , whilst one of specific gravity o 99 boils at 92“ G Aqueous am- 
monia di'-solvcs many oxides and salts which are insoluble m water, such as oxide of copper, chlo- 
ride of silver, &c , it precipitates most of the heavy and earthy metals from then acid solutions, 
in the form of hydrates or oxides, and on this account is a most valuable test in chemical analysis 
By exchanging one, two, or three of its atoms of hydrogen successively for a mi tal, 01 for a 
compound radical, the ilhportant class of amides is formed (See Amides ) Aimnotiia umtes with 
acids to form salts, which, in their chemical composition, are identical with those of potassium 
or sodium salts, if w§ consider that the metal m the compound is replaced by tho group N 
ammonium Tbe*mbst imjiortant ammomacal salts, which are not described below, are given 
under the headings of the respectave acids 

AMMONIUM A hypo^etical metal, which is assumed to exist in ammomacal salts , its 
formula is NH4 By adopting this theory, which was first proposed by Berrebus, am- 
moniacal salts are brought mto chemical analogy with potassium and sodium salts, which 
they resemble &lmo6t perfectly. This theory has derived a singular conhrmation in the dis- 
covety of an amalgam of ammomum, which may be obtained, bke amalgam of potassium, by 
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the aiction of a Btron!T galvanic battery on a eolation of ammonia, the negative pole being 
formed of mercury The mercury increases largely in volume, and assumes the consistence of 
butter, and, when fully saturated, floats upon water At o° C it solidifies and crystallises- in 
cubes At the ordinary temperature this amalgam quickly decomposes into ammonia and 
hydrogen and Jiquid mercury The same amalgam may be prepared by bringing sodium 
amalg^im into cctptact with a strong and warm solution of chloride of ammonium, the reaction 
takes place rapidly, and the buttery amalgam, after being rapidly dried, may bo prcseived foi a 
considerable time in castor oil 

AMM.UNIUM, OULOllIDE OP Elnown also as Sal Ammoniac A compound of ammo- 
nium and chlorme, analogous to chloride of sodium and chloride of potassium Its formula is 
NII^Cl It 18 a'white crysbilliiie substance, readily soluble iii watei, less so in alcohol, vola- 
tilised by heat without previous fusion It is decomposed by heating with slaked lime, when 
gaseous ammonia, N Hj, is given off 

AMMONIUM, SUiiPHIDE OF The pure sulphide NH4R, forms colourless crystals 
which are volatile at the ordinary tcmiierature The ac^ueous solution is frequently employed 
m the laboratory as a test , it is generally prepared by p issmg sulphuretted hydrogen to satura- 
tion into an aqueous solution of aiiimoiiia Sulphide of ammonium dissolves excess of sulphur, 
and forms a yellow liquid which consists of a mixture of several higher sul])hidcs, such as the 
di sulphide (N 114)284 , the tn-sulphide, (N H4 )jS, , the tetra-sulphide (N 114)284, ikc 

AMORPHISM (a, without, fUip<ffq, form ) Kolids are oithoi crystalline or imoiqihoiis , the 
•ntreoHS condition noticed under Allotropy, being a variety of Amorphism An araoriihous 
body has no ciystallme structiue, no planes of cleavige, so that it can be broken equally ivell 
by apjilying force in any direction , the fracture is not grantil ir, but conclioidal The same 
body may often occur crystalline or ainoiqihous, and it is generally heavier, haidei, and less 
soluble in the crystalline than in the amorphous state The passage of a boily from the amor- 
phous to the crystalline state is cdled f mn^formation, andfiom the Lrystalbne to the amorphous 
Bto,te dc/omuUwn If a solution be cooled too r ipidly, the solid is apt to become amoiphous, 
when, under other conditions, it would be erystallmo 

An amorphous body may bo pioduced (i ) hy fusion or riti ifiiation, of wluth glass, many 
slags, obsidian, pumice stone, d.c, arc examples , (2 ) hy evapoi ation of a solution, ns 111 the ease 
of gum, glue, white of egg, &c (3 ) by precipitalwn, as in the ease of most voluminous, gela- 
tinous, and viscid mattcis, thrown down from solutions 

Some examples of amorphism are given undei the heading Alloti oj>y, and they might be mul- 
tiplied to any extent In some cases, considerable bght is tliroivn upon structure, and dilferenco 
in jiroperty depending thereon, by considering whether the body has been deposited 111 a crys- 
talline or an amorphous form Quartz, for example, has a specific gravity of 2 652, it refracts 
light doubly, is slightly soluble 111 a boiling solution of potash, and docs not harden when 
brought into contact with kine and water Opal (which, like quartz consists of silica,) has a 
specific gravity of 2 oy, it refracts light singly, dissolves readily in a boiling solution of caustic 
potash, and hardens into a mortar with lime and water These striking differences seem to 
arise from opal being ainoriihous, svlule quartz is crystalline silica Opal also contains com- 
bined watci, which, being driven off by heat, loaves the silica nearly as soluble in potash ns it 
wa.s before There are many phunomciia ]iertaimng to arsemous acid, which seem to show 
that tlie atoms aie sometimes in the amorphous, and at other times m the crystalline order 
Sugar and barley-sugar ailord other examples 

AMPlllKE’S RULE Under this name is known a rule which Amptre has given, by which 
the ilircction of deflection of a magnetic needle, under the influence of a current passing in its 
vicinity, may be determined or remembered (See Mti ti o-dynamies 1 The following is the rule — ■ 
“ Imagine an observer placed in the wire wliieb conducts the cunent, so that the current shall 
pass through him, from his feet to Ins head , and let him turn his face toward the needle , the 
north pole is always deflected to Iiis left side ” The law may be verified by comparison with 
tho following table, showing the diiectiun of the current, and the effect qtit upon the needle — 
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AMPJiRE’S THEORY OF MAGNETISM Eed Ijy the reBciublaiice between the action 
of magneto iix>on each other and upon currents, and the mutual action of solenoids, AiiipLro 
proposed a theory of magnetism, according to which all magnetic phenomena are brought 
Tinder the laws of electro-dynamics He supposes closed electric currents to circulate arouinl 
tho elementary molecules of all magnetic substances In the unmagnetiscd condition of tho 
body these currents flow in all direitionswitli respect to each other, and to the mass ohmattci , 
but when the body is magnetised, they are all turned round m such a way that the planes in 
whicli they flow arc parallel to each othei, and pcrjieudicular to the line joining the jioles of the 
magnet Further, he supposes the currents to circulate m tho direction of 'the haind'yof a watch 
to an observer looking from south to north A httle consideration will show that the effect of 
the currents passing round a molecule in the mtenor of the magnet upon cvterrul bodies is null, 
it being neutralised by the effects of , the current's circulating about the molecules which sur- 
vouiidit , hut at the exterior of the magnet there will be a general resultant, consisting of 
paiallel currents circulating round the magnet, and these will give nsc to attraction and repul- 
sion precisely as do the currents in a solenoid (See EleUro dynamits, HoL wi‘ 1 ) 

AMPHID SALT See Haloid 

AMPLITUDE In astronomy, the distance of a celestial object at rising or setting fioin 
the east or west jioints of the hon/on respectively 

AMPfiTTUDE OF VIT511ATION {Amilitmlo (ampins), extent ) In sound, the amplitude 
of the vibration of a point on a sonorous boJly la the greatest distaneo between two jcositions of 
the point Thus, if a horizontal string vibiate in a vertical plane witliout the fiuiiiation of 
nodes (see Nodet), all the jiomts of the stung wall travel uiiwaids and downwards tc>|iethtr The 
aniphtudc of each particle’s Tsbration is the distance from its highest to its lowest position It 
IS cleir that tho central point of the string will traverse the longest pith (the aiii[>htniie of its 
vibration will he tho greatest), and that this path will be a straight line The jc itlis of each 
jiair of points on each side of the < ciitral point will be egual and simiHi, but less tli in that of 
the central one Hut little cri or is involved ni considering the string to have the slnpu of a 
nreular arc in all its positions, the radius of the circle increasing as the stung appm ulus the 
csraighthne (its origin il position), when the raibus of its curvatiiie is iiilinitc Licit point 
may also ijo assumed to have a straight patli when the vibration is not great in comi) w ison with 
the length of the string Coinjiared with surface waves (see IFtiifi in liqaitii), or uiiduLitions, 
the Vibration of a string presents this difference In tho liquid, all the iiaitieles of tho surface 
enjoy .n succession the same amount of “excursion,” the ainiilitudo of tho motion of each is tln‘ 
samj , this IS, as we have just seen, not the case avith the vibrating string 

Tue ainplitudo of tho motion of a p irtulo of the medium through winch a sonorous wave 
passes, IS, in like manner, the distance between its extreme positions — that is, the point which 
It octujies when its immediite neighbours and itself are in a state of maximum eoiinirt ssiou, 
and when they are again m the state of maximum condensation • (Sec Prnpagalioii of Eotiiul ) 
For as the sonorous wave passes along, each particle of tlie medium oseilJates backwards and 
forwards, and if the points of the sonoious bo<ly vibrate m straight lines, which is not ilways 
the case (see Colovr of Sound), so also will the particlis of the inediiim Whatever be the 
actual bhape of the path dcsenbed by a paiticle, the amjditiidc of its vibration is considi ri d as 
the distance botwcui its extreme positions, whether the body be a sonorous are or a vibrating 
medium 

AMYGDALIN The ciystalhnc pnncijile of bitter almonds, laurel loaves, &c It forms 
white scales of a pearly lustre very solublo m water , its composition is C„|,lLyN 0,j 31120 
It IS the source of bitter-almond oil and hydrocyanic acid, into which ami glucose it splits 
under the influence of emulsin, a ferment which exists with it in the plant, and eummenees to 
act when made into a paste with water 

AM\ L (dfivXov, starch ) A colourless hquid hydrocarbon, isolated by Fraukland m i849< 
Its formula is CsHn , boiling point, 311“ F (155° 0 ), vapour density, 490 , sjiocihc gravity 
at 32" F o 7413 Ajnyl exists in an impure state in potato fouscl oil, and is also formed dunug 
tho destructive distillation of coal 

ANALOGOUS FOLE A term used m describing the phenomena of pyroelectricity 
Certain crystals wjiile being heated exhibit electric polarity, one end assuming tho positive 
state, and the ofher the negative While coohng, tho polarity changes, the end which during 
the heating became positive niAv becoming negative, and vice versa (Hee Pi/ro clrcii icUy ) The 
end which becomes positive as the temperature increases, and negative while it decreases, la 
called the analogous pole , tnc end which becomes negative while tho temjicrature increases, 
and positive while it decreases, is tho antilogous pole Tho names are, however, but little 
used • 

ANALYSER The Nicol prism, slice of tourmaline, or crystal of herapathite, which is placed 
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next the eye in a polanscope, and serves to analyse the beam which has passed through the 
polanser and doubly refracting aubstance (See Pdai iscope, Pdanser , Polw med lAyht ) 
ANALYSIS, CHEMICAL {hva, back or up , "Kvok, a loosening or releasing ) Chemical 
analysis is the resolving of a compound body into its constituent parts, whether it be merely the 
purpose of discovering what the constituents of it are, in which case it is called qualitatwe 
analysis^ or for theipurjiose of detemiimng also m what proportion they occur, when it is called 
guantitatiie analysis The description, eve n m the briefest possible manner, of the method of 
performing analyses would he, of course, far beyond our limns All that wo can do here is to 
give the most general statement of the objects of analysis, and an indication of what means are 
adopted for the fulhllmg of these objects, and to mention the sources from which the reader 
may, as for as books are concerned, obtain detailed information The actual performance of 
analysis requires considerable chemical knowledge, especially minute knowledge of cei’taiu 
properties of bodies, their forms, their behaviour in presence of certain other bodies, the.r 
solubility, both absolute and relative in various liquids, their comportment in presence of heat 
and flame, and so forth , and besides this skill m manipulation, m the application of tests, or 
re-agents, as they arc called, and veiy frequently in fitting up apparatus If the analysis be of 
any but the most simple and straightforward kind, a skill that can only be gained by considerable 
laboratory practice will be absolutely necessary for its accomplishment The reader will find 
information regarding the methods employed in Faraday’s C/Lemital Manipulation and in the 
text books to be mentioned immediately ' 

There are various objects with which an analysis may be undertaken, and there are therefore 
various ways in which it may be accomplished For example, in one case it nny be necessary 
with regard to a given specimen to name every constituent that ocems in it, as in the analysis 
of an unluiown mineral , m another, the question may simply be. Is a cut iiii body here, oi is it 
not 1 which frequently happens in cases of medical chemistry Then thei e is mineral analysis, 
and the analysis of commercial products, there is the examination of watei anil the like, and 
there is the analysis of organic bodies, which may itself bo divided into an enormous number of 
diSerent kinds, and it is the business of the analyst to understand the v.iiions methods, and 
to apply one or more which shall accomplish his object with a degree of accuracy depend- 
ing iijion the imjiortance of the mquiry, and with a proper regard to the time at his 
disposal 

When the problem is ono belonging to qualitative analysis, it is generally solved in one of two 
ways, or by a combination of the two It is well known that heat and especially flame, produce 
very remaikablo changes lu the appearance and properties of many bodies , thoBO changes 
are very dehmte and depend only on the nature of the flame and of the substance to which it is 
applied, and a knowledge of this, and the apphcatiou of the “ flame tests,” as they are called, very 
often gives ivith great rapidity the knowledge required The other principal way may roughly be 
said to bo that of the applicatidh of hquid tests The body is by some means got into solution in 
some known liquid, and then other liquids called tests or re-agents are added to the solution thus 
made The mixing together of these liquids is intended to produce a precipitation of i solid sub- 
stance m the liquid, a change of colour, an eflcrvesconcc of gas or some other phenomenon which 
can readily be detected by sight, smell, or taste , and the comparison of the result with what wc 
should expect from previous knowledge to take place if some supposed body were present, 
mdicate to us whether it is so or not Of these methods there are, as we have said, numberless 
Variations , in fact, they are altered more or less with every fresh case Very grt at help is now 
derived m qualitative analysis, particularly m diQicult cases, or cases where a minute trace of a 
body 18 to be detected, by the use of the spectroscope By means of it very remark dile dis- 
coveries have lately been made, and the advantage of its aid is being felt daily more and more 
(See Spectroscope, Spectrum Analysis ) 

In quantitative analysis, where the object is not only to know wbat bodies are present, but to 
know the proportions in which they are associated, two great methods are adopted, which are 
known by the names of analysis by weight , and volumetric analysis Th& general principle of 
the first IS to combine the elements one after another by precipitation with some other elements 
or groups, and thus to form inso' iblo compounds These precipitates are collected and weighed, 
and by calculation from the results obtamed it is easy to deduce the numbers required (See 
Afinvty , Atomic Weight ) The other method is frequently used when it is only required 
to know the quantity of some one body present m the known wdight of a given specimen It 
will perhaps be best undeiutood by an example Suppose it were required to find the quantity 
of alkali m loo grams of a rough commercial product A solution of it is made, and a small 
quantity of litmus, which is bbye m presence of free alkali, but red in presence of free acid (see 
Litmus), is added A solution of acid is then made of standard strength, as it is called, that is, 
a solution contaming in every cubic meb a certain known quantity of acid, and this is gradually 
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mixed with the solution to be tested The a/nd combines with the alkali and forms a salt, and 
the greater the quantity of alkali present the greater the quantity of the acid solution reepured 
in o^er to satisfy it As long as there is an excess of alkab the litmus remains blue , but thu 
moment the acid predominates the htmus turns red, and by noting the quantity of standard acid 
solution added, tho amount of alkali in the too grams of the given compound is readily 
calculated Volumetric analysis la earned on means of such processes as tiiat desenbed 

For further information we refer our readers to Fresenius’s H indbooks of Analysis, (Qualita- 
tive and Quantitative, to Miller’s Elements of Chenustry, Watt’s Dictionary of Chequstry, and 
for details of special processes on this vast subject, we can do no more than suggest the Journal 
of the Chemical Society 

ANALYSIS, SPECTRUM See Spectrum Analysts 

ANAMORPHOSES {ava, again, and fioptftaiais, a form ) A distorted drawing which appears 
at.hist sight confused and unmtelligible, but which from tho proper pomt of \ic\v appears 
correctly diawn 

ANATASE See Titanium, Dioxide 

ANDROMEDA One of Ptolemy’s northern constellations It is represented in the maps 
under the figure of a woman chained by the hands and feet This constellation includes bcm ral 
remarkable objects, amongst which may be mentioned sjtcctally the tuple star Gamma Andro- 
meda:, and the wonderful nebula 31 Messier, compared by its discoverer, Simon Mayer, to tho 
light of a horn lantern This nebula is chiefly remarkable for its great size and brightness, and 
the great difhculty which astronomers have experienced in resolving it into discrete jioints of 
light It has been so resolved, however, and Mr Uuggms has discovered that the spectrum of 
the nebula resembles that of the fixed st^s, but with a somewhat sudden diminution of light 
towmds the red extremity 

ANEMOMETER {Ave/xet, wind, and fiirpov, measure ) An instrument for measuring tho 
velocity or force of the wind 

llobin^on’s Anemometer, called also the Ilemiiphencal-cup Anemometer, is one of the best for 
moasunng the velocity of tho wmd Four hemispherical cups arc affixed to tho ends of two 
hoi zontal cross rods, forming a sejuare cross The cross rods are supported in a hon7ontal 
position on a vertical axis, about u hieh thej can turn freely The cups being so attached that 
the circular nm of each is m a vertical pi me through the supporting pole, ami tho convexity of 
each towards tho concavity of the next, it is clear tliat in whatever diioction tho wind may bo 
blowing hoi izontally, the cups will “catch the wind’’ and the cross rods rotate An endless 
Screw oil the vcitic^ rod communicates motion to a series of index-wheels, and thus the number 
of miles traversed by the wind in any given time can readily be noted The instrument is 
tested by being coir eyed at considerable specil for a given distaiice and back again, on a calm 
day, its iT>dic itions being compared with the distance actually traversed 

Hy BUital le v^oiitiivauces this mstruiueut may be mode to mdicate the varying velocity of the 
wind, as well as the average velocity 111 a given time , but the machinery fur the purpose is 
complicated and expensive 

Lind’s Anemometer is intended to indicate the actual pressure exerted by the wmd on a 
surfac 0 of given size A tube bent into the form of the letter U is placed with both legs vertical 
and the bent part of the tube dowmwaids , one leg, which reaches higher than the othei is bent 
near the top, at a right angle 'The whole instrument is half failed with water, and being so 
suspended as to turn freely on a horizontal axis, a vane attached to the tube causes it alwaj s to 
turn the open eud of the bent leg in the direction from which the wind w blowing Thus the 
wind blows into the bent tube, and by its pressure on the surface of the wUtei within the 
instrument, causes the level to fall m the bent tube and to nsc propoi tionatelj in the other A 
scale attached to the unbent tube indicates tlic difference between the two levels, or, in other 
words, tho height of a eolumn of water capable of counterjioising tho pressure of tho 
wind 

This instrument ms^ also be used to indicate the maximum pressure of the wind during any 
interval, by using instdod of water a chemical solution capable of colouring pieces of paper 
attached at different levels writhm the unbent tube 

Whewell and CaseUa have also devised mstruments for registermg tho direction and velocity 
of the wmd • ^ 

ANEMOMETRY. The art of measuring the force or velocity of the wind (See Anemometer ) 

ANEMOSCOPE wind, and aKowdu, to view ) An instrument for indicating the 

direction of the wind An ordinary vane is an aiiemescopo , but the term is commonly limited 
to appliances by which the direction of the wind is indicated to an observer placed where tho 
wind IS not fellf 

aneroid barometer, 9 ee Barometer, Aneroid. 
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ANGELINA. An asteroid discovered by M Tempel, at Marseilles, on March 4th, 1S61 
The name refers to the oetronomtcal station at Notre Dame des Anges, near MarsuUcs 

ANGLE OF TiEAST DEVIATION If a ray of homogeneous light is allowed to pass 
through a pnsm it will be bent from its straight path By gently rotating the prism on its axis 
the emergent beam will be found to be bent in different degrees from its original path The 
position of the pnsm when the beam is least bent from a straight path is called the position of 
least deviation, and the angle formed by it with the incident ray of light is called the angle of 
least deviation (Sec Pnsm, Spectrosrojie ) 

ANGLE OF rOlAIlISATlON See Polarising Angle 

ANGLE OF KEPOSE The greatest angle with the horizontal at which a given inclined 
plane can suppoit a gi\ en body at rest , called also bimtmg angle of resistance (See Inclined 
Plane, Fi iriiun ) 

ANGLESITE Bee Sulphates . Lend 

ANGUIiAll VELOCITY The angular velocity of one body about another is the rate 
at which a line, continually drawn from the former to the latter, shifts its direction m 
space 

ANHYDETDES (a, without, iiSwp, water) Chemical compounds, when they arc free 
from water, arc Stiid to he anhydrous, and are often spoken of as anhydrides Thus H2SO4 is 
the composition of sulphuno acid , by rcmovmg the elements of water, HjO, we obtain SO,, 
which IS snJphunc anhydride There arc also oi^amc anhydiides, such as benzoic anhydride, 
and ethiomc anhydride Salts, when free from their water of crystalhsation, are termed 
anhydrous salts, as opposed to hydrated salts 
ANTIYDEITE See Sulphates , Calcium 
ANHYDROUS SALTS See Anhydrides 

ANILINli A transparent colourless oily liquid, having a somewhat pleasant odour and 
aromatic burning taste , it is slightly soluble in water, forming a faintly alkaline solution , it is 
miscible in all proportions with alcohol, ether, sulphide of carbon, and hxed and volatile oils , 
its specific gravity is 1 02 , it boils at iSa" C {360° F ) , it is inflammable, burning with a bright 
smoky flame, its formula is Crtll7N , it has been described in chemical woiks uudur the names 
of Phenylanunc, Cr3'btalliiic“, Kyanol, Bcnzidam, and Phenamide Aniline is supposed to be 
denved from ammonia (NH,), by the replacement of one of the hydrogen atoms by phenyl 
G.Hg It 18, therefore, a phenyl monamine, and may be called monopbeny] amine Aniline, 
which a few years ago was a substance of scientific interest only, is now prepared by hundreds o£ 
tons for the manufacture of its coloured derivatives, known as the aniline dyes These will bo 
dcsciilied under their eheinieal names in the following paragraphs Aniline is a powerful base 
and saturates acids, forming salts , winch are generally highly ciystalhiio Amongst its salts may 
be mentioned — Ilydroildarate of Aniliue, very soluble needle shaped crystals , Nitrate of undine 
crystalbaing in contentric needles , Oxalate of Aniline, which crystallises m stellate groups of 
oblique prisms, wliitb areMiily slightly soluble m cold water 

The substitution derivatives of aniline arc of the highest complexity, owing to its con- 
taining so many atoms which may bo replaced by other bodies It would recpiire an elaborate 
treatise on organic chcniistry to lender the formation of these compounds sufiieiciitly intelli- 
gible , we shall, therefore, simply select the most important of them, without attemptmg to 
enter into det.i]ls respecting their relationships 

Mauune This is .a nearly black crystalline body It is an organic base, having the composi- 
tion CjyTIj^N^ , it unites with acids, forming salts, which constitute the well known omhne 
puqile or mauve The substance originally prepared by Perkin is the sulphate of this base , it 
forms small crystals having a sliong green metalhc lustre, dissolving in water forming a purple 
solution, and ha\ing intense tinctorial powers 

Posamline, or Aniline Red, known also as roseint, fuclisine, azaleine, magenta, &c An 
organic base cryst-allising in white needles, capable of uniting with acids to form salts These 
salts form the coloiinng matter of commerce The formula of rosanihnc is C^qHibN, The 
acetate of rosanihnc separates in magnificent crystals, sometimes an inch in diamctci, and pos- 
sessing a brilliant green metalhc lustre , they are very soluble m water, and form a deep red 
solution Hydrochlorate of r isanihue crystallises in large rhombic plates, slightly soluble m 
water The nitrate crystallises in needles. The salts usually met with in cofnmerco for dyeing 
purposes are the acetate, hydrochlorate, and nitrate SdkT and wool dipped into aqueous 
solutions of either of these salts withdiaw them from solution, an^ become dyed of a beautiful 
rose-red colour Cotton, on the other hand, does not withraw this colourmg mater, but must 
be first treated with a mordant of some animal substanse, such as albumen 

Tn-etkylrosamhnx (C5oHig(«32Hj)^N3) This is formed by replacing three df the atoms of 
Jiydrogen m losajuline by the same number of atoms of the radical ethyl. Its salts ore of a 
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nch violet colour, and are used as a dye for silk and wool, being known in commerce as llof- 
mann’s violet, after the discoverer • 

J'riphenyl-roaaniline (C2nHj5(CBH5)3N<,) This base is formed in a similar manner to the 
one last described, the radical phenyl being substituted for ethyl The salts of this base are 
blue, diplienyl-rosanihne giving bluish violet salts, and monophenyl rosanihnu gmiig \iulet 
salts By introducing the radical tolyl (by employing an aniline LontNiiiing tuluuline) 
mono- di- and tri- tolyl rosanilines arc obt uned, which resemble in colour the corresponding 
jibenyl compounds The pure salts of tnphcnyl rosanilme are known in coinm^rce,-as night 
blue, or him lumiSre Tnphenyl rosaniline forms a conjugate acid with sulphuric acid, which is 
very soluble even in cold water this is known in commerce as soluble blue When it is renicin- 
berod that several atoms of hydrogen m rosanihne can each be rcjilaced by nictlijl, ethyl, amyl, 
phenyl, tolyl, and a hundred other sii^iilar radicals, and that each of the resulting conipouTuls 
I>o'v,esses tinctorial powers, it will be readily understood that the iinilme dyes of tins class 
are almost as numerous as the expenmentahsts avho have worked on the subject Moreover, 
aa the technical processes of making these dyes were found out usually long before the scientilic 
explanation, or chemical formula, of the cxdounng m itter was established, it will scarcely be 
wondered at that litig'ation has been so frequently associitcd with tins branch of industry 

Aniline Green is another colouring matter produced from the substitution action on rosanil ne 
There are seveial anihne greens, but their chemical comjiosition has not yet been dclinitely 
set tied * 

Chiyaantline (CjaHj^N,) This is an amorphous yellow substance, almost insoluble in water, 
but readily soluble in alcohol, forming a rich orange solution, which dyes silk and wool of 
a splendid golden yellow colour C'Lrjsamline is a weak base, forming crystiUino s dts with 
acids Besides these dyes of wcll-dctincd composition, others have been prcjmcil ,of a black, 
brown, primrose, oiange, and other colours, but their chemical history not having yet been 
satisfactorily made out, their description belongs more to the domain of technology than to that 
of pure science 

ANIMATj HEAT The human body possesses an invariable temperature of about qS (>° E , 
i though the surrounding atmosphere may have a far lower temperature Thus the ti rniiera- 
ture of the blood of a Greenlander is practically the same as that of an inhabitant of Ecuador 
or India 'riiero is an intt mal source of heat m all organised beings, and it is due to chemical 
acti in, in the form of oxidation The various pioilucts of food aie oxidised in the lungs, tins 
'’.arbi 1 becomes carbonic acid gas the hydrogen becomes water, and the heat iiroduccd by the 
chemical combination — that is, by the clashing together of the combining molecules — serves to 
keej the blood at an uniform temperature The lungs have been often railed the fiirnwe of 
the body, while i’ e carbon and other oxuhsablc ronstiluents of venous blood arc the fuel, and 
the insiiircd air yields the oxygen necessary for the combustion^ Tlio inhabit vnts of cold 
countries voasume a far larger cpiantity of rarbon.accous food than those of mine sniithein 
climes, hec.aiise> they rc*quuc a larger amount of lieat to preserve tlieir blood at a tempciatiiic of 
98 G E , and heuce a 1 irgei amount of bodily fuel (See Rcspnalton ) In certain cliseascs the 
tem,ieratuii* of the blood exceeds 9S 6“, but even m very severe cases of fever the excess is not 
moie than 3 6“ E 

Birds possess the highest temperature, and, ns we should expect, they also evolve' a far larger 
amount of carbonic acid m a given volume of expired air than othei iiimi Us The bhiod of 
mammalia comes next in oriicr as regards temperature, then that of amjihibia, fishes, and in- 
sects , while Crustacea and worms possess the lowest tempeiatuie of all, as niiy bo seen fioin 
the following tablo . — 

TriirpnATHRE of the Blood op Vamious Aniaivls 
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The temperature of the blood is usually detenmned by placing a very dchcaie and sensitive 
thermometer under the tongue 

Radau (La Chaleur, p 98), in speaking of the disengagement of heat by plants, says, 
“ Dans une jeune tige, dons lea racines, lea bourgeons, les ileurs, les fruits, des combmaisona 
chimiques (tnt keu, qui ont pour eilet le d^veloppement des organes , ces combinaisons ne sont 
pas tr^s-dnergiques, roais ellea sont n^anmoins accompagn^esd’un faiblo degageuient de chaleur " 
He instances the fact that the spathe of the common arum at the tune of fiowermg possesses .a 
temperal:uro of 7“ C (i2 6” I* ) above that of the surrounding air , while, in the Isle of France, 
the arum coAii/olmm has on excess of temperature of 30'’ C (54° F ), which may be readily 
shown by placmg a thermometer in the centre of the dower 

ANIMAL NUTRITION The animal body may be regarded as a machine which has to 
perform certain work, including voluntary movement of„the limbs, involuntary movement, such 
as that of the heart and lungs and the circulation of the blood , bram work, eitner animal or 
mtellectual , besides which the temperature has to withstand a constant dram upon it from 
radiation and evaporation In addition to all this, the natural wear and tear of the body, the 
growth of certain ports, and (up to matuiity^ the increase of bulk of all portions have to be sup* 
phed In order to supply this constant dram upon its resources, a constant influx of material 
IS necessary in the form of food If this is appropriate, a considerable amount of the available 
force which it represents is made use of , but if mappropnate, there is waste of material and 
also loss of power in getting rid of the useless ntatenal Many circumstances should be con- 
sidered in viewing the subject of animal nutrition in its complete form Thus the income 
represented by food goes through certain chemical changes, and the expenditure assumes certain 
forms Fart goes off as heat, muscular movement, brain force, and growth , whilst another 
portion is occupied in doing the chemical work required to convert the dead food mto livmg 
tissue Iu 1 ;he present article it is proposed only to consider the chemical woik performed The 
animal body is not capable of assimilating imneral matter diiect , this work has to be done by 
the vegetable world , and when it has been vitalised in this manner, the animal can take it and 
raise it a step higher in the scale If an animal eat vegetable food, it has to perform the woik 
of raising the vegetable matter to its own level , but if animal food be eaten, this work is 
already done, and it only requires aseiimlation Food nearly always consists of the elements 
carbon, oxygen, hydrogen, and nitrogen, and also certain mineral ingredients, phosphorus, sul- 
phur, chlomie, fluonne, potassium, sodium, calcium, iron, silicon The available force of the body, 
m whatever form it appears, is produced by the union of some of these substances with oxygen, 
and it 18 necessary that they are presented in such a form as to be easily assiimlated or digested. 
There are several classes of food, all of which should be jiresent in a normal diet, — these are, i, 
albuminous, protein, and other coinpounds coutauung mtrogen , 2, fatty matters, consisting 
chiefly of hydrocarbons , 3, oarbohydiatcs, such as starch and sugar , 4, water and mmerol con- 
stituents It was for a loii^ time thuugut that tlic first class seive to repair waste and to assist 
growth, whilst the fatty mattera and carboh^diatcs serve to supply animal beat, but recent 
reseaxciics have proved that this is a fallacy, and that some of the muscular force and heat is 
derived from the oxidation of the nitrogenous matter, although its chief fimction is to repair 
tissue The function of the fatty portion of food is prmcipally to supplj licat , it also serves 
important functions in the processes of digestion, ossmulatiou, and nutrition The digestive 
power of fat is considerable, and it is no less active in the conversion of the nutrient constituents 
of food into the solid substrata of organs Fat is also the form m which suiplus food, if assimil- 
able, is stored up m the body as a reserve , it oi cumulates round certain organs, and gives 
rotundity to the form, whilst by its bad com’uctiug power, it retains animal warmth The 
class of carbohydrates contain oxygen and hydrogen in the proportion to form water, their 
carbon alone bemg capable of oxidation , they also form lactic, butyric, and other acids, which 
appear to be necessary, and they aie likewise concerned m the production of fat The mineral 
constituents act os carriers, and m other ways nun-chenucally The first operation which food 
must undergo m the body is digestion In the stomach it is brought iqto contact with special 
solvents, such as the gastric juice, the pancreatic iliud, the bile, A,c , by which it is thoroughly 
deprived of its nutiitive quabties, winch aic earned into the circuLatiou Digestion, indeed, as 
Bemehus remarked, is a true process of nnsing, the amount of fluid secreted into the alimentary 
'Sanal, and again absorbed from it, being not less than 3 gallons daily, the'gtcater part consist 
mg of fhe gastric juice, the active prmcijile of which is jxpsinf that of the pancreatic fluid bemg 
called pitnereaUn Having been absorbed into the circulation, a considerable amount of oxida- 
tion goes] forward in the longs, by means of which organs, air and blood are brought mto inti- 
mate conmet, carbon and hydrogen m the blood, uniting with the oxygen of the air, and being 
exhaled als carbonic acid and watt^r, both of which are readily detect^ in the* breath Other 
products ttf oxidation are found m the unne and faces. (See Food, Functwna of, Mutcuki/r 
Power, V\^, Unc acidj Jlippunc acid, Creatimnr) 
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ANI 0 N 8 that which goes up), are substances wh!(^, during electro-chemical decom- 

position, go to the anode They are equivalent to electro-neyatzve bodies or substances which go 
to the positive pole, according to less strict phraseology. This, and the name Kathwns (Kaniiw, 
that which goes down), signifying the substances which go to the Kathode, were given by 
Faraday (Nxp Research ser vii), m order to get nd of the terms decti positive ajiAdeclio- 
negative,, which imply a theory (See Anode ) The amons are oxygen, chlorme, and bodies 

f ' ch correspond to them, lucludmg the compound bodies called the acid jall^cals Thus 
er IS decomposed into oxygen and hydrogen, of which the former is the anion, and appears at 
anode, and the latter the lathioti, and is found at the kathode (See Kaikion, and for 
lOrther information. Electrolyte and Electrolysis ) - , 

ANNULAR ECLIPSE An eclipse of the sun, in which the moon is wholly projected on 
the sun’s disc, but, having a less apparent diameter, a ring of hght from the outer parts of the 
8un’s«diBC remains still visible (See Eclipse ) 

ANODE ( 4 vu, upwards, and Wds, a way, the way which the sun rises), is a term made use 
of m speaking of the phenomena of electrolytic decomposition It denotes the surface at which 
the current, according to the common phraseologyi enters the dectrdyte or body undergoing 
decomposition Oxygen, chlorine, and acids are evolved there It is opposite to the kathode, or 
surface at which the current leaves the electrolyte The terms anode and kathode (xara, down- 
wards, and oddr, a way) were applied by Faraday (Experimental Researches, ser vii ) to 
prevent confusion, and distinguish these surfaces from the electrodes of the battery with which 
they are in contact He compares the direction of the current with that of a current round 
the earth supposing it to be an electro-magnet, which, accordmg to the present usage of 
speech, must be from east to west, or with the apparent motion of the sun Suppiosing, then, 
that a current passes through tbe electrolyte par^lel to the current round the eanh, the anode 
13 the eastern, and the kathode is the western surface of it Thus, whatever changes may take 
place in our ideas of electrical action, and of the direction of the electric current, must, he says, 
affect equally both the hypothetical current round the earth and the current through the 
electrolyte , and we shal' be saved from any confusion attending such a chance (Boo Electro- 
ly IS , Electrolyte ) 

ANOMALISTIC (See Anomaly ) The anomalistic penod of a planet or satelhte is its 
time of revolution from apse to apae If the bne of apsides were constant m position, the 
anon ahstic period would be the same as the sidereal penod, but as in all cases the line of 
apsides slowly vanes in position, the anomalistic penod has a different value For further 
illustration see Year, Anomalistic 

ANOMALY (a, not, and opaXoe, even ) An angle used for convenience of calculation in 
dealing with the motion of a celestial body in an elliptic orbit ^ There are three kinds of 
anomaly the eccentric, tho mean, and the true If a circle be desenbed on the transverse dia- 
meter of tlie ellipse as diameter, and a perpendicular be drawn to the transverse axis through the 
place of the celestial body, then a line drawn from the centre of the elhpse to the point in which 
this perpendicular produced meets the circle, includes with the transverse diameter the angle 
called the eccentrn, anomaly, this angle being measured ftom that part of the transverse axis 
which passes through the centre of attraction The mean anomaly is the angle which the body 
would have descnlwd around the centre of the above-named circle, if, instead of moving with 
varying velocity in. its elliptic orbit, it had travelled with its mean angular velocity around tho 
circle The ti ue anomaly is the angular distance actually traversed by the body around the 
centre of attraction In all three cases the body is supposed to start from that extremity of 
the transverse axis which lies nearest to the centre of attraction 

ANS./E (,Ansa, a handle ) A term sometimes applied to the apparent projections formed by 
Saturn’s rings on each side of the planet 

_ ANTARCTIC {AvrapicriKS!, opposite to the arctic ) In astronomy the term antarctic is 
given to that part of the heavens which includes the South Pole It is so named because it lies 
opposite to the arctic pole (See Arctic ) The Antarctic circle is rather a geographical thou an 
astronomical expression ' But the position of this circle on the earth is indicated by the astron- 
omical relations, that within its limits the sun, during the summer solstice of the southern 
hemisphere, does not set, while along this circle (neglecting refraction) the sun’s centre just 
touches the horizoil al midnight, at the summer solstice of the southern hemisphere 

ANTARES (Arabic ) T|ie chief star of the constellation Scorpio Remarkable for the 
singular fulness of its ruddy tmt (See Scorpio') 

ANTHRACEN , or, Pardnaphtkaline A hydrocarbon, obtamed from the heavier 
portions of the tar produced m the dry distillation of wo6d and coal It forms small 
ooloorlesB plates,<iwhich melt at about' 213'' C (415° F) to a colourless liquid, and distils at a 
temperature above 300® C (572“ F ) It la insoluble m water, but easily bo in hot alcohol^ 
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ether, and benzol The composition of anthracen is CJ4H10 , it is now of considerable import- 
ance, as it IB the starting point in the manufacture of artihcial alizarin 

ANTILO&OUS POLE Opposite of analogous pole, 2 o. The terms ore used in describing 
the phenomena of pyro electricity 

ANTIMONIUltETTED HYDROGEN See 

ANTIMONY A metalhc element first discovered by liasil Valentine Its symbol is Sb, 
from its Lat^ i^me Stibium, and its atomic weight 120 3 In the pure state it has a bnlliants 
blmsh white colour, and is highly erystalhne It is very brittle, and is easily reduced to powder 
It melts at 450° C (842° E ), and at a uhite heat volatilises Its specific gravity vanes 
between 6 and 6 86 By electrolysis Mr Gore has prepared amorphous antimony, which has 
the colour and appearance of polished steel and a specific gravity of 5 78 , this when heated 
or struck suddenly becomes very hot and changes througltout its mass to ordinary erystalhne 
antimony Antimony is permanent m the air at the ordinary temperature, but oxidises when 
melted, and takes fire at a red heat Nitnd acid oxidises it to the tn- or pent oxide, but does 
not dissolve it Sulphuric and hj drochlonc acids attack it with difhcnlty Antimony forms 
three defimte oxides, the trt oxide, the teti oxide, and the pent oxide The tn oxide or 
antimonious oxide (Sb^Oj) is sometimes found native It is formed when antimony bums in 
the air, when it is deposited in shining prismatic crystals known as flowers of antimony It 
may be prepared m the wet way by precipitation -It is sparingly soluble in water, more freely 
so in acids With hi tartrate of potassium it forms a double salt luiowii as tai tar emetic (Sec 
Tartaric acid ) The tetroxide of antimony is of little importance, it is found native as 
antimony ochre Its formula is SbuO^, and is supposed to be a mixture of the tn- and 

pent- oxides Fent-oxidc of antimony, also called atitimomc oxtde and antimotlic acid, (Sbj, 0 ^) 
IS a white powder sparingly soluble in water, soluble in hydrochloric acid and m caustic 
alkalies It is produced by oxidising antimony to the fuUost extent with nitric acid It exists 
in two states, as antimomc acid which is monobasic ; and metantimome acid which is di basic 
They each form definite salts with bases The following are the only compounds which need 
be mentioned — Antimoniato of lead, a basic salt , is used m oil-i>aintw>g under the name of 
Naples yellow Acid motantimoniate of potassium (KjO SbjOp-h7 HjO) Tins salt forms 
a crystalLinc mass readily soluble m warm water, but soon decomposing It is used in 
laboratories as a test for soda, as when a freshly prepared solution is added to a sodium salt a 
precipitate of insoluble acid metantimnniatc of sodium is produced When this test is employed 
with proper precautions it is exceedingly dehcatc, so it will detect a sodium salt when present 
in more than a thousand times its weight of water 

Oxijchloiide of Antimony, formerly called Powder of Algaroth, a heavy white amorphous 
powder of variable com]iosit^on, but containing cldonde of antimony and tn oxide of antimony, 
formed by the action of water on oxychloride of antimony 

Sulphides of Antinvony The tn sulphide, SbjSg, occurs native aa stibmte, gray antimony, 
antimony-glance, &c It is largely employed os a source of antimony , and when purified from 
the gangue by fusion it is known in commerce as crude antimony Tlie native or artificially 
fused sulphide crystalhscs in pnsms, it cleaves very readily; specific gravity 462, hard- 
ness = 2, it 13 easily cut and is slightly flexible, it has a lead gray metallic lustre, *and is easily 
fusible The tn-Bulpludc m the amorphous state prepared artifacially is sometimes known as 
mineral kermes, it is a brown red, loosely coherent powder The hydrated tri-sulphide of 
antimony is of a dark orange red colour precipitated when sulphuretted hydrogen is passed 
through an acid solution of the tn-oxide or the tn chloride 

Ili/drule of Antimony, or Antimomurettcd I/ydi open {SbH^) A colourless, transxiarent, and 
inodorous gas, formed when nascent hydrogen is generated in a solution containing antimony, 
<ir when an alloy of antimony and zinc is dissolved m acids It is insoluble in water , when 
passed through a glass tube, and strongly heated, it is decoiupoaed with separation of metalho 
antimony When passod into a solution of nitrate of silver it forms a black precipitate of 
antimonide of silver Antimoniurctted hydrogen is hable in analy^ib to be mistaken for 
arsenuretted hydrogen, and vice versa For distinctive characteristics special works on analysis 
must be consulted 

Tn chloride of Antimony, sometime'’ called Butter of Antimony A trasis];ucent, fatty looking 
mass, melting at 72“ C (162“ F ) and boiling at 200° C (39?° F ) Its composition is Sb CI3 
It fumes in the air Water decomposes it into hydrochloric acid and oxychlonde of antimony or 
powder of algaroth Hydrochlonc acid dissolves it without precipitation 

Pentacldonde of Antimony A colourless, very volatile liquid, formed when metallic antimony 
and chlorine unite The combination takes place with bnihant combustion when the powdered 
metal is thrown into chlorme It gives up two of its chlonne atoms to othSr sabstaaces very 
readily, and is thus of great use in some chemical reactions Its formula is Sb Clg. 
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Pmiasulphide of Antimony A yellowish red powder, formed ■when sulphuretted hjdrojjen is 
passed through a solution containing the pentachonde or the pentoxide , its foimuU is ShjS, 
It unites m the capacity of an acid with other metallic sulphides, winch act as ba';e, to form 
pulpliantimomates The alkaline sulphantimomatcs are soluble in water and crystallise rc aJily , 
lueir composition is 3 MjS ShS^, the letter M rcprescutiug the metal 

Antimony is capable of combining -with alcohol radicals foiming compounds, some of which 
may he regarded as ammonia (NHj), in which the nitrogen is replaced by antimony <ai}d tlu' 
hydrogen by three equivalents of the radical As an illusliation we need only mention one of 
these, tnethylstihine (Sb(CjH5)j) The constitution of other organic compounds of autinun y 
is not so clearly made out 

ANTLIA. In astronomy (abbreviatijfl from Antlia Pneumatica, the air pump), a southern 
constellation formed by Lacaille 

APUJSLION. (oLiri, from, and ^Aios, the sun ) That point in the orbit of any member of tlic 
solar system which lies faithest from the sun 

APLANATiO (a, without, and T\dvr}, error) A name used m optics to denote a lens bo 
constiucted as to be free fiom spherical aberration (See Aberration, Sphei iial ) 

APOGEE ( iir6, from, and yy, the earth ) That point of the moon’s orbit wbn h lies nt arest 
to the earth The term is sometimes, but incorrectly, applied to the planets Its ute with 
reference to the sun is scarcely more legitimatoj' though of course recognised as just when tin 
earth was regarded as the centre of the universe 
APOAIOKPIIIA (Airi, from, and jnojpAitf ) An organic base discovered by Di Mattbiessen 
and Mr Wiight It is prepared by the action of liydrocbloiic acid on niorpliia at a high 
temperature The physiological effects of ajiomor^ibia aio those of a uoniiritant unctic and 
]i(ii>eifal Lnti stimulant, the action, howevei, rapidly passing off, leaving no after ill effects, jt 
will probably come into use m medicine (See I’roc E. S , vol xvu , p 455 ) The composition 
of apomorplua ■'s Ci7Hi7N O2 

APPARENT {Apparco, to appear ) A term of freijucnt use in astronomy, to indicate the 
positi m or notions of celestial objects aa they appear to the eje as distinguished from their real 
motions in epai a 

APPARENT SOLAR DAY The interval between two successive transits of the sun 
across the meridian of any place (See Day ) 

API IitJACH OAUSiiD BY VIBRATION Sec Vibration, Approach caused by 
APPIJ JjSE {Appulsvs, an arrival ) In astronomy the near apparent approach of ore 

celcsti 1 oody towarils another The term is chiefly applied to stars or planets near to which 
the mnoTi passes, without occultmg them 
APSE See Apsis 

AP'sJI'li's IjJNE OF (a/iy, the felloe of a wheel ) The imagiSiary lin-c joming the apses 
of tho orbit of a pLinot or satellite Or, more sUictly, it is the line joining w bat would be the 
apses of the planet’s path if the planet were to move undisturbed through a complete revolution, 
fium the moment considered 

APSIS , or, Apse (See Apsides, Live of ) Tlic point of the orbit of a jilanet or satellite at 
wbit.h it n faithebt from or nesjcst to tho sun or pniiaiy, respectively or, more correctly, the 
points of such orbits at which the direction of motion is at right angles tj> the line fiam the 
cciiti e of motion 

APUS fu astronomy, (a, without, and a-oiJs, a foot), the bird of Paradise, a southern 
constellation formed by Bayer. 

AtJTJAFORTIS See J\ili ic Acid. 

AQUARECtIA See Nitric Aad 

AQUAKITfS (The water-hearer ) A Zodiacal sign, tho eleventh in order The sun enters 
this sign about tho 20th of January, and leaves it about the 19th of February The Zodiacal 
constellation Aquarius now occupies the legioii corresponding to the sign Pisces A remaikable 
feature in this coustelUtioii is the existence of two well marked star streams within its limits, 
with prolongations extendmg over the constellations Grus and Piseis Australis 

AQUILA In astropomy (tho eagle), one of Ptolemy 'b northern constellationH In ancient 
^star maps the figure 6 i fhe boy Antinous is placed m company wuth the eagle, and Tycho Braho 
framed the stars belonging to the figure of Antmous into a separate constellation, which is not now 
recognised, however, by astronomers The Milky Way presents some singularly ncli protuber- 
ances withm the limits of Aquila It is indeed well worthy of notice that whereas m Gygnua 
the branch which extends towards Opbiuchus is far the brightest, the branch extending towards 
Aquila grews rapi|]ly brighter fiom Vulpccula southwards, the portion which crosses the southern 
^ A -n^ being absolutely the hnghtest visible in our northern heavens 

^ ARA In astronomy (the altar), one of Ftolemy’s southern constellations. Accordmg ir 
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Aratus tlie Centaur was conceived by ancient aBtronomera as in the act of placing an offering on 
the altar , but by a strange mistake the altar is represented in all modern star maps la an in- 
verted position It seems not improbable that the ancient astronomers recognised in the 
strangely complex parts of the Milky Way which lie to the north of this constellation some ro- 
semhlance to smoke from nn altar 

AQUEOUS HUMOUR That portion of the transparent contents of the eye which lies 
between* the cornea and the irtt (See Eve ) 

ARAT3IN The name given by Newbauer to a gummy substance obtained from Gum Arabic 
by treatment witfi hydro chloric acid and alcohol He considers that it has the property of an 
acid, and that it exists in Gum Arabic in combination with bmo and magnesia Its composi- 
tion is CjjHjjOii , when freshly prepared it dissolves an cold water, but after drying it merely 
swells up to a gclatmous mass 

ARAGO’S PHOTOMETER Arago has described {(Euvres eonpletea de Fiancois Arago, 
vol X ) a photometer of compheated construction founded on the law of the square of the 
cosines, according to which polarised rajs pass from the ordinary to the extraoidiiiary image 
Hia description, however, is not clear m the ongmal, and would be quite imintcUigible without 
woodcuts (See Photometry ) 

ARCH {Arcus, a bow ) A structure of stones or bncks placed in the form of a bow, so as 
to support ono another by their mutual jiressure The separate v l Ige-shapod stones of the 
arch are termed votmoirs or rmg-courscs, and the centre one is called the key stoyie The pillars 
on which the extremities of the arch rest arc the abutments, and their upper courses the xmpost 
or springing courses The distance between the tops of the abutments is the span of the arch , 
a stiaighA line joining the tops, the sptinrjhnc The internal concave surface of the arch is 
termed the soffit or inttados , the upper surface of the nug of arch stones is Bomctimes calleil the 
extrados , sometimes, however, this term is applied to tlio solid masonry or backing above them 
A wall standing on an arch is termed a spandt tlrwall The jiroblein “to find the arch of greatest 
strength" is usually a very difhcult one Tlio arch of greatest strength, on the supposition 
that there is no supoimcuiubent pressure, is shown by tlie theory of pressuics to be a catenary, 
or a curve precisely similar to that formed by \ flexible string when Biibjiended from two fixed 
points (See Catenary ) The determination of the form of greitest strength of a loaded arch 
from the principles of stability and strength is an almost impracticable jiroldcm from its com- 
plexity It will depend upon the weight of the materials formmg the load, and the manner m 
which the pressures are transmitted 

The llydroslaiic Arch is an arch suited for sustaining normal pressure at each point propor- 
tional, like that of a liquid at rest, to the dejitli below a given bon/ontal plane The radius of 
curvature at any point of the arch is invcisely propoitioiial to the pressure, and also inversely 
proportional to the dopth^uclow a horizontal plane, Mieli that vertical hues from it represent the 
mtensity of the pressure A meehanical mode of drawing a hydrostatic arch is furnished by 
the fact, that its figure is the same as that presented by an edastic spring when bent 

The Gcosiaiic Ai ih, or, as it is sometimes called, the trausfoimed hydrostatic arch, is a curve 
such that the vertical pressure is proportioual to the depth below a fixed huri/onal plane, and 
the honzoutal pressure bears to the vortical jirtssure a fixed ratio ilepeuding on the natuie of 
the supenncumbcjit materials This arch is suited to sustain the pressure of earth It may bo 
drawn by constructing first the figure of the hydrostatic arch, and transforming it by keeping 
the vertical co-ordinates the same, but altcrmg the horizontal co-ordinates into lengths changed 
according to the constant ratio 

The condition of equilibmm of an arch is determined by tbe position of the line of pressures. 
If a straight hno be drawn at each bed-jomt (the joint between two arch-stones) in the diieetion 
of the resultant pressure at that joint, all the hncs thus drawn will form a jiolygon, teniied the 
line of pressures The curve through the angular points of the polygon is tho equivalent linear 
arch Now in order that the stability of the arch may be secure, there should be no tendency 
to open the joints either above or below , and this is the case if tht centre of pressure of each 
jomt be not more than a sixth of its length from the centre, that is, ‘ ‘ if the equivalent linear 
arch fall withm the middle third of the depth of the arch ring " 

Skew Arches are arches denveo from symmetrical arches by distortloit in a horizontal plane 
For further information consult Manickl of ApjAxed Mathetnaiirs by Professor Raiikinc Papers 
by M. Yvon-Villareeaux m tbe MCmoires des Savans etrangers, vol xii Trcdgold on Masonry 
(Encyc Biat) Gauthey, TraiU de la Construetwn de Pants t {Seo PriJges ) 

ARCHIMEDEAN SCREW One of the earliest machines used for lifting water It con- 
sists of a cylinder mclined to the vertical, either exactly fitted by a screw having the same axis, 
or having a tube twisted round 4: m the form of a screw If a sm^ sohd body were placed at 
the bottom, and the screw turned round, each poiut of the screw would pass beneath the body 
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at the lower edge of the cylinder, and the body would be gradually raLsed to tlic top In the 
Baiue manner, if water has awiess to the bottom, on turning the instruinent it will be raised 
until it flows out at the top Archimedean screws are extensiiely used forraisJU'’- water in 
Rgypt and in Holland ° 

i'-RCHIMEDES, PRINCIPLE OF The law that, when a body la immersed in a liquid, 
it displaces a quantity of liquid equal m bulk to itself, and appears to be lighter in the litpud 
than in air, by the weight of the liquid displaced The principle receives its nanio from the 
following i-ircumstance —It is said that Hiero, King of SjTacuso, applied to Archimedes for 
a test to piove whether a crown which had been made by his orders was all gold, or whctlici 
the goldsmith had dishonestly substituted a bxscr metal for a poition of the gold While tho 
philosopher was thinking of the subject, he chanced to enter a bath filled with water, and 
noticed that, as he entere<l, the liquid flowed over This observation suggested a solution to 
his jn qblcm He took the crown, and a quantity of pure gold of tho same weight, and ini- 
inerst J them successively m the same vessel, filled to the bntn with water As the crown dis- 
jtlacul more water than the ecpial bulk of gold, he concluded that it was partly composed ot a 
hgliter metal, and the king’s suspicions w cie confirmed 

Assuming tlie alloy to be silver, Aiehimcdcs then took quantities of gold and silver equal in 
weight to tho crown, immersed them ui water, and weighed that which overflowed lit was 
thus able to discover the extent to which the king had been defrauded in tho construction of 
the crown (See Specific Gravity and Diijilacetnent of Liquids ) 

ARCTIC (dpm/fis, from dptcros, a be ir ) The part of the heavers where the constellations 
of the Gieater and Leaser Bear apjitar Tho North Pole of the heavens lies close by the latter 
constellation, and thus the term Arctic is now associated with tho Ninth I’olu icgion of tho 
Leaaens, lathei than specially with tho above-named constoU itious The aictic iigiooa on llic 
earth are those in vvhich, at the time of the summer solstice, the sun docs not set , tlic aictir 
t»jc/cn*aikmg the limit of those regions At places along this circle (neglecting icfiaction) 
thf sun IS on tho horizon at midnight at tho time of tho summer solstice of the northem 
hci nsphere. 

J 'ICTURUS ('ApuroOpas — from "Apwroy, a bear, and e^pos, a warder, the Rearguard) 
Tho leading star of tho constellation Bootes, and, according to Bir John Htrschd’s photoinctiic 
capeninents, the brightest stai’ in the northern heavens 

ARFOMETER, MOHR’S Mohr’s areometer consists of a glass tube containing mercury, 
and Ik. rm-tic lly sealed at the top and bottom. It huigs from a fine platinum wiic, and is 
sulLiuufly heavy to sink in every liquid which has to be examined The weight of the instru- 
niLiii iij air being determined, it is suspended in water, and again weighed The loss expen- 
encLil js the weight o*' an equal volume of water (See Dtsplactmcnt of Liquids ) On weigluug 
tho iiistiument again in another liquid, and deducting the weight so^fouiid fiom the original 
avoight, we Imd the weight of the same volume of tho liquid Diaision of the weight of tho 
volume of the liquid by the weight of the equal volume of water gi\ es the specific gr ivity of 
the liquid When many determinations have to bo made in a short tiiftc, it is, of coiubc, sufh- 
cit'ut to weigh tho instrument only once in water , that is, to determine once for all the weight 
or w iti r whoso volume is equal to that of the instrument 

AREOME’rFR, NICHOLSON’S An instrument for determining the specifio gravities of 
solids and liquids It consists of a hollow lyhndnral cojqier vessel, with conical ends 'I'lie 
loivei end IS loaded, so us to secure an npnght position whin floating It also carries a little 
perforated tray at the lower end, tho use of which will bo dcsiiibed immediately The upper 
cmucal end caiiies a narrow stem which bears a small tray An arbitrary mark is raoiie on tho 
stem The solid, whose specific gravity has to be determined, is plat cd upon the ujijjci tnay, 
and weights are added until the mark on the stem sinks exactly to tho lead of the surface of 
the water in which the instrument is placed The substance is removed and rejilat cd by weights 
until tho areometer sinks to the same mark as before The weight which has to be added to 
cffict this IS tho absolute weight of tho substance This weight is again removed, and the 
object iH put into the lower tray, that is, beneath the surface of the water The areometer will 
not sink to the mark, because the object in the tray is pushed up by a force equal to the weight 
of ivater it displaces Tp find this upward pressure, weights are placed on the upper tiay until 
tin instrument sinks to the same mark Tho weight required to effect this is the weight of a 
^o]ume of water equal to the volnmo'of tho substance (tSeo Displacement of Liquids ) Accord- 
ingly by dividing the weight of the body by tho weight of an equal volume of water, tho 
Bpeufic gravity is obtained ’ 

Nicholson’s areometer may also be readily applied to the determination of the specific gravity 
of liquids Let thq weight of the entire instrument be first ascertained Let it be jilaccd in 
water, and, by the addition of weights on tho upper tray, let it be sunk to tho given mark. Let 
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ft now bo placed in another bqtud, and weights added as before, until the samo effect is pro- 
duced The weight first added, together with the weight of the instrument, gives the weight 
of the volume of water equal to the immersed part of the instniment The second weight, 
added together with the weight of the instrument, gives the weight of the same volume of the 
bquid Hence the specific gravity is found by divi^ig the second sum by the first 

ARGOL See Tartaric Acid, 

ARCJO J^AVfS (Latin ) In astroramy (the ship Aryo), one of Ptolemy a southern 
constellations By modem astronomers it is divided into four portions, named respectively, 
Afalus, the maB|^ , Vela, the sails , Ganna, the keel , and Piippis, the stem This constellation 
was figured in ancient maps as tho aft section of a galley, the position of the ship being such 
that the diumal motion of the heavens carries her stemwards Thus Aratus and Manilius 
compare tho motion of the ship to that of a vesst I dragged by tho stern into hai hour The 
constellation is remarkable for the singular richness with which stars are distributed ever it 
It has been remarked by the late Cajitain Jacobs, the well-known observer, that one can tell 
when this constellation has risen above the horizon, -without turning towards it, because tho 
united lustre of the stars composing it sheds a hght oi er the landscape resembling that of a 
young moon Within this constcll ition is the woiidciful variable star Eta Aigils (see Slats, 
"Temporm y), situated in the heart of one of the most remarkable ncbulii! in the heavens 

AllIDJ'll) (Arabic ) The leading star of tlie constellation Cygnus It is also called 
Dench Adige 

AR1]5S Tho ram, a constellation ; but also the first sign of the Zodiac The commence- 
ment of this sign on the ecliptic is called the fiitt point of Aiics, it is the point m which the 
ecliptic PfOsscs from the southern to tho northern side of the equinoctial line The sun’s centre 
occupies this point at the vernal cquiiiox of the northern hemisphere , and fiom this point 
longitudes are measured along the ecliptic, in the oidei of the signs, and right ascensions along 
tho equator from west to east The aiyn Aiics is at present occupied by the constellation 
Pisces 

ARAtATllRE (Aimntura, irmoiir) To improve the power of tho native loadstone as a 
magnet tho position of the iiolcs is determined, and while the distance between them is main- 
tained as gre.it as possible, the rough outlying portions of tho stone are lemoved, so that it 
assumes something of a rectangular shniie, two of the sides of the rectangle being perpendicular 
to the Imo joining tho poles. To each of these ends is applied a smooth L-shaped piece of the 
softest iron, ivhicli terminates in a m.as3ive foot piojecting below the side of the stone ’I’heBe 
loft iron pieces constitute tlio amiature of the magnet They very much lucrc.asc its power for 
lifting, concentr.iting it, as it w'Cie, in the soft iron feet, anil besides enabling both poles to he 
applied at onto, as is tho c.asQ ivith the hoi sc shoe magnet The word .armature has, however, 
a somewhat doubtful ap^ie itiun, a few writeis denoting by it what is mi ic frequently called a 
hecpei 

ARMILLARY SPHEIIE (Armilla, a bracelet) An instrument employed by ancient 
astronomers It consisted of a number of Loops representing the pruieip.il gieat circles on the 
celestial sjihere, .as the equator, ecliptic, &c , placed in their proper relative positions It may 
be questioned whether foi teacliing biginntis a foim of the arinillary sphere miglit not still bo 
emjdoycd witli advantage It is worthy of notice that tho instruction derived from treatises on 
astronomy is not usually effective in fixing in tho student’s mmd a clear unpression of what 
actually t ikes place in the heaieus More particularly is this the case as respects the apparent 
motions of the sun, whether m his diumol eouTbc round tbc heavens, or in his annual circuit of* 
the ecliptic A certain reality (and as surely a new charm) would be given to tho study of 
astronomy m our schools, if the solar apparent motions, the comprehension of which forms the 
basis of all astronomy, were directly measured and noted by the student By means of a rod 
placed like the gnomon of a sunili.il (that is, pointing to the pole of the heavens), and fixed 
circles corresponding to the mciidiau tiicle, the equator, tho ecliptic, and so on, a vanety of 
very simple and instructive lessons could lie imparted The equable motion of the shadow of 
the rod on the equator would convince tlic student of the equable nature of the sun’s apparent 
diurnal motion, and so of the equable nature of the earth’s rotation tq which that motion is due 
The varying midday elevation of rhe sun would in bke manner be illifttrated by the varying 
position of the shallow of the axial lod’s centre at noon ufkm the meridian circle A number of 
such illu-itrations of the celestial motions could be rcacbly devised, and there c.an be no question 
whatever that tho student would gam a clearer and sounder wnderstandmg of the pnuciples of 
astronomy (and that in a more agreeable manner), by mich open air and practical illustrations 
than by mere reading 

ARMSTRONG’S HYDRO-Fi .ECTRIi * MACHINE See Ekclnc llachine. 

ARNEB, (.iVrabic ) The star a of the constellation Lepus, 
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AROMATIC GROUPS, HOMOLOGOUS. According to Dr. Odling. 


Piimuj Term I, 


CeTTfl 

CgJIcO 

CoHsOq 

C*Hb03 

CgHtOa 



Thenene 
Phenol 
Pyrocateehln 
Pyrogellin 
Collie acid 


ITydroflulnone 
1‘liloroglucin 
Comcnic acid 


Benzone 
Benzylic alcohol 
Crenylio phenol 
Benzylic glycol 
Benznic ahlcliyd 
Benzole acid 
Saloie acid 
AmpeUc acid, &c 


Saligenin 

Orcin 

^llcic aldehyd 
Sallclc acid 
Bypogallic acid, S-c 
Gallic acid 
Pergallic acid 


Secondaiy Term 

CjHg 

Phenjrlene 

, 

m 

CcHiOj 

Qulnone 

Crir. 

Beuzylene 

CrHoOz 

Oreosehn • 

C:IT40« 

£11 agio acid 

C7H4f>B 

Chehdnnic aeid 

CriLU/ 

Moconic acid 


ARRAGONITE See Calcium, 


ARSENIC A metalbc element known (in its compounds) from a very caily date, but 
invt stigated chemically by Brandt in 1 733 Its symbol is As, and atomic weight 75 , it is 
occ-i?io’ially found native, bnt more frequently m combination with iron, copper, cobalt, and 
nickel ores In the metallic state it is of a steel gray colour, specific gravity from 5 62 to 5 96 
It IS very bnttlo, and crystallises in rhonibohedrons When heated it volatilises without fusion at 
a dull red !.eat, andi condenses either in a compact metallic mass, or aadark gray powder, according 
to conditions The principal compounds of arsenic are the following — Uzidos of arsenic, of 
which there are two, the tnoxide or arsenious acidjaid the pentoxide or arsenic acid 

Arsenwus aetd (ASjOj), commonly callod arsenic, or white arsenic, is a white, solid, crystalline, 
or amorphous substance The amorpihous variety is a transparent, vitreous substance, produced 
when its vapour condenses on a hot surface , the crystalline variety is formed when the vapour is 
condensed more ([uickly, or when it separates from its solutions , the specific gravity of the 
former is 3 7385, and that of the latter 2 695 Arscnions acid volatilises at 218“ C (424° P ) , 
its vapour is colourless and very dense (specific gravity, 1385) Arseuious acid is readily 
reduced to the metallic state when heated with a reduemg agent By allowing its vapour to 
pass over a splinter of red hot charcoal in a small gloss tube, a ring of metallic arsenic is con- 
densed on the cool portion of the tube , by the further apjilication of heat this may bo driven 
up and down the tube, and gradually reovidised into arseuious acid, which, under the micro- 
scope, appears m brilliant octahedrons , these reactions are characteristic of the metal AVhea 
bright metallic coppec boiled in a solution containing arsenic, the metal is reduced on the 
surface of the copper, forming a steel gray layer When the piece of copper is diicd and heated 
in a clean glass tube the above reaction can be performed It dissolves m about 30 parts of 
cold water, and in 10 or 12 parts of hot water Its solution is acid to test paper , acids dissolve 
It more residily , ifruhites with bases forming arsemtes The only arsemtes of iinpoitance are 
arzenvte of copper (Cu4AsjOg), known as Sthede’s Gieen, the aceCo-tn senite 0/ copper (3 Cu As 
Oj CjHjCu Og) Arsemte of iron when excess of hydrated scsquioxi Je of iron is mixed with 
solution of arsenious acid, th^ whole of the latter unites with the iron, to form a basic arsenite 
Owing to this property, hydrated sesquioxide of iron is one of tiu best antidotes to arseuious 
acid , it should be administered m great excess, and freshly precipitated An senite of siZtw, a 
yellow precipitate, is formed when an alkahne arsemte la added to a solution of nitrare 
silver , its formula is 2 AgaO.As^Og 
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Arsente Acid (AsjO,), formed by ou 4 >Bing arsenic or arsenious aeid to the fullest extent 
It forms several hydrates, which are readily soluble m water It is a strong acid, fomung 
arseniates with bases , the only one of mi[)ortancc is the silver salt (AgiAsO^), a dark brown 
precipitate obtained when an alkaUne arscniate is added to nitrate of silver Arsenic acid 
readily parts with its extra quantity of oxygen with reduction to arsenious acid, hence it is 
Bometiilies used as an oxidising agent m mannfactunng operations 

Arsemurette^ Uydrorjen (AsII.,} A cololl^^ess gas veiy slightly soluble in water, and ex- 
tremely pensonouB , It is formed when hydro'^m is generated in a solution containing or&enic, 
or by ^sgolving zinc containing arsenic, in acid ‘When this gas is heated in a tube to dull 
redness it is decomposed, and metallic arsenic condenses , when passed through a eolution of 
nitrate of silver, silver only is piecipit ited, and the whole of the arsenic goes into solution as 
arsenious acid The gas is inflammable, and evolves a white smoke of arsenious acid , by 
depressing a cold porcelain surface into the flame, metallic arsenic precipitates as a lustrous 
mirror For the distinction between arseniuretted hydrogcu and antimoiiiuretted hydrogen tho 
reader is referred to works on analy tical chemistry 

Chlotule of Arsenic — A colourless, oily, dense liquid, of the composition AsClj, formed with 
ignition when powdered arsenic meets with chlorine 

Sulphides of AtseniL — Of these there ate thice AsS, and ASjSj The first, the 

dl suljihide, was known to Pliny and Vitruvius nndV-r the name of Sandar ica It is now known 
as realgar, red orpiment, oi ruby sulphur It is a transpaient, ruby coloured ciystalline mass, 
easily fusible It was formerly used as a pigment, bat is now ficqueutly replaced by less 
dangerous bodies 'i'ho tii-sulphidc of arsenic, tho aisemcum of Pliny, now knuun .is orpiment 
or yellow snhiliide of aisciiu, is a fine leiuou-colourcd powder, formerly used os a pigment, and 
sometimes employed in caheo prmtiug 

Pentaiulphidc of Aiicnic is not known m the Bei>ar.ito state, hut only in combination with 
sulphides of otlioi met ils 

All the sulphides of irsenic act the p.iit of sulpho icids, and unite with metallic sulphides to 
form sulpho s ilts 

Ai icnic foiius many organic tompounds , of these wo can only mention one, and its com- 
pounds, VIZ , Ca< oih I, fount ily knonn w Ciidit't Fiimnuj Liquid^ orAllia uu It is now siqiposcd 
to be a ooinpoimd of two equn dents of methyl ,uul one of ai-uue (As (( 1 1 ! and m modem 
luomeiiil ituic IS callid arsendunethyl Its preparation must bo c'tfeetid with extraoidinary 
precautions owing to its spout uicous mfl.mun.vbibtv f'ud its extremely poisonous nature Eun- 
stii’s rese*ar<h on cacodyl is a misti 411000 of thcimcal accur.iey Cacodyl is a transparent 
culoi ikss litpiiil, heaviei thin watii , it his a disgusting odour, ami its v.iponr is extiemely 
poisonous , It boils at 170“ C (33S'' !•' ), and sohdilies at 6° O (.13“ P ) to a ciystalhiic imias , 
it 18 slightly soluble in wate^^ iiioie so in akoliol it tikes fire 111 the an at ordinary tempera- 
tures, and.alsom eliloniie g.os It .acts the p.irt of a radical, and forms an oxide, clilonde, iodide, 
and otlu‘1 compounds whi< h need not be fmthci siieeilieJ 
AllriUMCATi Clll'diX See Acetates 
AKSKNimUCTTMI) HYDUOtU-lN See di SOJiC 

ABTJi.SfAN IPJsLL This well has its name fioin the Province of Artois, in France Its 
principle, howevei, 111 no wnse diffeis fiom tli it of ordinaiy springs or wells \Vlien liquids are 
in commuiiieatiiig vessels, tho surfaces of the two portions aio in a horizontal phiiic (See 
Liqunh, Lncl Suifmc of) If the edge of one of the vessek be not so high as that of the othci, 
and the second be kcjit full, the hist must continually ovciflow Tho stiata of tlie earth’s niiper 
erpst have various powers of absorbing w'ater In many districts the surface 1 lyer is clay which 
18 pcnoti ited with dittieulty by water Beneath tois there in ly be giavel and chalk, which both 
absorb and yield great .piantitios of water with faeiUty If the three stiata are’ bent into a 
cup shape so that tho edges of the gi.iicl or chalk aie exposed the ram falling on these will soak 
in and aeeiiinuUte beneath tho unpernous cliy', while the 1 nii which falls upon the latter will 
be freely removed by the watei eourscs Accordingly, a locality with a clay soil may be suller- 
lug from drought, while there la ahuud.iut w'atci beneath it picssmg upward with a force pro- 
]»ortional to tho difference of level between the elay and the edge of the exposed lower strata 
where they crop up On piercing the nUy mto the chalk the water will rfse.m the benn>-- and 
will gu^li foitli with a velocity dependent upon the aliove dilfarence of level *” 

AKTIFIOIAL TOUKM ALINE See loducjumme 

AMBKhTOS (dapearos, mdestruc-tihle ) A mineral eoataimng silicate of magnesia occur- 
ring m minute fahres and filaments There are many varieties, the one most known w caUed 
mnianthus (Greek, afuavTos, undeliled , a, not , and piamv, to pollute), from its resistance to 
-e , this necuw m long silky fibres, viry flexible and clastic, and of a whit 6 e<blour , they are 
;ieparated from each other, ami lave been woven mto fireproof doth, which when soiIetL 
Alti by heating ir the fin*. ’ 
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ASCENDING NODE See Node. 

ascension, bight {Ascenmo, advance ) The n:;ht ascension of a celestiil Tiody 13 the 
angle between two planes, one passing through the pole of the heavens and tlie body, and the 
other through the pule of the heavens and the first point of Anes (See A tics) Since right 
aoccnsions are measured on the equator from west to cast, while the diurnal rotation of the 
heavens takes place from east to west, it is clear that a star, having a given right asctnsion, 
will come to the mcndian later than the first point of Anes, by an intur\ il equal to that in 
which the earth rotates through an angle equal to the star's right ascension Thus if a star s 
right ascension is 15 degrees, the star will come to the meridian one hour after the first point of 
Anes, since tho earth rotates through 15 degrees in one hour Bight ascension is, thcicfore, 

S ggauionly measured in hours, minutes, ^and seconds of tiirie, instead of in degrees, minutes, and 
conds of arc (See Declination, and Equatorial ) In old works on astronomy tlic term ubliijue 
ascension la sometimes met with The oblique ascension of an object is the arc between the 
first jK'int of Anes and that point on the equator which comes to the horizon at tho same time 
as the object It obviously varies with the latitude of tlio place of observation 
ASClCNSIONAli DIEEEBJONCE The iliffercnce between the oblique and the right 
ascension of a celestial object (Sec Ascension, Itajlit ) The term is now obsolete 
ASH OE TLANTS See PUmis, Ask of 
ASEEl J'P A torm used by astrologers Sec Astrology 

ASSAYING {Essaycr, to try ) An analytical opeiation in which, as a rule, one ingredient 
of a compound is alone determined Moreoier, it applies to metallic alloys only', and is usually 
restricted to those of silver and gold Hence, assaying is onc*^ of tho cardinal operations ni all 
Mints Sir John I’ettiis, in his Ihclioiiwiy of A/ctiilliiL Hinds (l6Sj), says, , “I take 
Assaying to liavo relation only to things of weight, as metals, &c , from the wo^d Js, or A ssis 
(uhieh hignifits a pound weight, or 12 ounces, or the whole of any sub^tanec winch may be 
divided into paits), and especially applicable to the greatest or smallest coins that are made of 
any metal, which many times wero, and still ore, of copper or hiass, winch the Latins call -.fiv, 
and, therefore, I suppose, it is somctiiiies writ L.,i,aying ” (Heo also (JupUlation ) 

At' I ATIC (a, without , and craw, to stand ) An arangeinent of magnetic neodh s such 
that the earth shall have no directive action upon them, is called an astatic comhiuulion, and 
eonictimes siinply an astatic needle It is usual to suspend two equal uccdlcs paralKl to one 
another and huiiroutal, so that tho plane which contains them shall ho i crtical, and their like 
poles lire turned in opposite directions Such a system is made use of in expeiiments on the 
directive force of currents of electricity upon magnets, used in galvanometers It is jiosaiblo 
also to make a single needle astatic by placing magiiuta near to it, or by suspending it upon an 
ails in tho magnetic mcTidian, and parallel to the hno of magnetic inclmatiun 

ASTATIG GALVANOMETEIl , 01, Alnltipbcr (Ecu Alultiiilhi , Theimomvltqilicr) 
ASTf/RISM (durrip, a star ) I’roptrly, any colleetioii or group of stars, but now com- 
monly hinited to small groups, as distinguished from constellations 

ASTE IvOl US (doTcpoeifi^s, resembling a star ) The name given to members of the rone of 
small planets travclbng between the orbits of Mars and J upiteT Altlioiigh eoriuctly eh sig- 
naling the aspect of these bodies, which are not leadily distinguisliahle fiom tlie fivcd stais, 
save by the experienced observer, tho name can hardly he considered as well chosen, since m all 
their real attrilmtes these bodies are altogether different trom the fixed stars 

The discovery of the first known members of tins zone forms one of the most intetesting 
chapters m tho history of astronomy It had long been noticed that a large g ip sejurates tho 
oibit of Mars from that of Jupiter Not, indeed, that the actual distance between these orbits 
la even so great as that which separates the orbits of Jupiter and batiirn But the orderly 
uicroaso obseiv able in the planetary distances as wc procectl outwards from the sun, is obviously 
niarrv d by the sudden increase which marks the interval between the orbits of Jupiter and Mais 
as compared with that IjetweGJ the orbits of Mars and the earth This circumstance led 
KepLr, and afterwards Titius, to express the opuiion that an undetected planet revolves 
between hlars and Jupiter The discovery of the planet Uianus, whose mean distuiee corre- 
sponds exactly With Bode's law, led Bode to assert his belief that astronomers might with advan- 
tage scaieL for such a jiUnet Accordingly, for the first time in tho histoiy of ostionomy', an 
empuieal law, a law whose cause is even now not recognised, led astroiiomeis to commence a 
systematic survey of the heavens Through the exertions of Baron de Zaeh, an association of 
twenty-four astronomers was fo’med These observers divided tho zodiac lietvve-en them, and 
shortly after tho commencement of the present century, the search for the new planet was fairly 
commenced But the discovery did not fall to the lot of any of those who had undertaken tho 
search As m the case of the planet Uranus, an apparent accident brought tho first discovered 
member of the family of asteroids under the notice of an. astronomer who nchly merited such 
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a success, though actually engaged on work of another character Fiazzi, the eminent Italian 
astronomer, at work on his great catalogue, was carefully surveying the constellation Taurus, 
when his attention was attracted by an apparent change of place in a small star, which he had 
observed on the fli'st day of the present century By January 3, 1801, he had ^convinced him- 
self o^ the star’s change of place He communicated his discovery to Onam and Bode, and 
continued his own observations until February II, when his labours were interrupted by 
dangerous ilhicss .When his letters reached Onani and Bode, the planet had already ap- 
proached'too near to conjunction with the sun to be discernible There scorned great risk that 
after all the planet would escape astronomers, amce it would not be discernible before September 
1801, and the observations of Fiazziwere deemed insufhcient for the calculation of the planet’s 
place after so long an interval But Gauss, the emmept mathematician, came to the rescue, 
and after a careful study of all the observations made by Fiazzi, he formed an ephemens of the 
planet’s path for several months in advance At length, after an arduous search, De Zach 
redetccted the planet on December 31, 1801 , Olbers (independently) discovering it on the 
following evening After one year of doubt and difficulty, astronomers bad succeeded in secur- 
ing a well earned triumph for their science It was found that the new planet travels at a mean 
distance of 2 767 from the sun, the earth’s distance being unity, while Bode's law had indicated 
for it a distance of 2 8 It therefore fulfilled even more closely than was to have been expected 
this empirical law It was called Ceres by Viaxa, 

But while astronomers were congratulating themselves on this new proof of the existence 01 
law and harmony within the solar system, a fresh discovery threatened to throw all into dis- 
order again While searching for Geres, Olliers had noticed with ejicual care the arrangement 
of the flmi|]l stars which lay near its assigned geometric path On March 28, 1802, while 
examining a part of the constellation Virgo, he noticed a small star in a part of the heavens 
which had thus been rendered familiar to him, the star occupying a place where he felt sure no 
star had been visible while his search for Ceres had Ijcon in progress In two hours he had recog- 
msed the planetary motion of this liody By April 28, Gauss had assigned to the newly dis- 
covered planet, which received the name Pallas, an orbit having a mean distance ^ cry little less 
than that of the planet Ceres Thus there were now two planets whore only one had been 
wanted to supply the gap m the planetary scheme Olbers was led to expect tuat others would 
be found , ami a search being instituted for the purpose of testing this new, Harding of the 
Lihenthal Observatory discovered, on September 2, 1804, the planet Juno Is’cxt, on March 
20, 1807, exactly five jcais after his discovery of Fallas, and m the same region of the heavens, 
Olbers discovered Yesta 

Thirty-eight years now passed before any further addition was made to the family of asteroids, 
Astraca, discovered on December S, 1845, bemg the fifth in order of rccogmtiou But from the 
discovery of Hebe, on Juy 1, 1847, not a year li'is passed without adding one or more asteroids 
to the list of known planets In some years the progress of discovery has g< me on more rapidly 
than mothers Thus, in i86i ten asteroids were discovered, in 1868 twcht, while in each of 
the years 1863 and i86g only two were discovered But at present there seems to be no reason 
to expect that a year will ever pass without addmg to the list The following table presents all 
the astenods discovered up to the date of writing, with the name of the discoverer and the place 
and date of discovery — 


Ko 

Hamo 

Data ol Discovery 

Discoverer 

Place of Discovery 

I 

Ceres 

i8oi, Tanuary i 


Palermo 

2 

rnlluB 

1802, March 28 


Bremen 

3 

Jiino 

1804, t'cpteinticr i 

Harding 

Lillenthal 

4 

Vtsta 

1S07, March eg 

Olbers 

Bremen 

s 

A'-trsea 

1S45, December 8 

Htiicke 

. Driesscn 

6 

Hebo 

1847, July I 

llencke 

‘ Dnasseu 

7 

Ins 

Aufcust 13 

lllIKl 

London 

8 

Flora 

October 18 

llinil 

London 

9 

Metis 

1848, April 25 

Graham 

Marliree 

10 

Hygela 

1849, A] 11 la 

Do Gasparla 

Naples 

11 

Farthenopo 

1850, MfaT IT 

De Gaspans 

Naples 

12 

ViLtona 

buptember is 

Hind ' 

London 

»3 

Egeria 

November x 

De Gusparis 


14 

Irene 

1851, May ig 

Hind 

London 

15 

Eunomla 

July ag 

De GaspaAs 

Naples 

x6 

Psycho 

1052, March 17 

Do 'Gaspans 

Naples 

27 

Thetis 

April 17 

Luther 

Bilk 

18 

Melpomene 

J'is e 34 

Hind 

London 

19 

Fortuna 

A Lb list 22 

Hind 

London 
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No 

Name 

Dote of Discovery 

Discoverer 

Place of Discovery 

so 

MasBilla 

2859^ September 19 

De Oasparis 

Nai^cs 

21 

Lutetla 

November 15 

Goldschmidt 

Pans 

22 

Calliope 

November 16 

Hmd 

London 

23 

Thalia 

December 15 

Hind 

London 

24 

Themia 

1853, -^pril 6 

De Oaspans 

Naples 

25 

Fhocea 

ApnlC 

Chacornac 

Marseilles 

26 

Froscipina 

May 5 

Luther 

Bilk 

27 

Duterpo 

November 8 

Uind 

I ondon 

s8 

Dellona 

1854, March i 

Luther 

Bilk 

29 

Ampliitnto 

March i 

Martli 

London 

30 

TJ Tania 

July 22 

Hind 

London 

31 

ISuphrosyne 

September i 

1 ergiison 

Washington 

32 

Fomuoa 

October 26 

Goldschmidt 

Pans 

33 

Polyhymnia 

October 28 

Chacornac 

Paris 

34 

Circe 

rSss, April 6 

Chacornac 

Puis 

35 

]>encothea 

April 19 

Luther 

Bilk 

36 

Atalanta 

October s 

Goldschmidt 

Pans 

37 

Fidea 

October s 

Luther 

Bilk 

38 

Loda 

1856, January 12 

Chacornac 

I'lns 

39 

Lietitia 

February 8 

Chaeoruac 

Pans 

4 ° 

IJarmooia 1 

March 31 

Goldschmidt 

Paris 

44 

Uaphno 

1 May 22 

Goldschmidt 

Pans 

42 

laia 

1 Mav 23 

Pogson 

Oxford 

43 

Ariadna 

1857, Apnl i 4 

Piigson 

Oxford 

44 

Nysa 

May 27 

Goldschmidt 

Pans 

45 

li.'iigcnia 

June 28 

Goldsehinidt 

Pans 

46 

Ifestla 

August 16 

Pogson 

Oxford 

47 

Aglaia 

September 15 

Luther 

Bilk 

4 ^ 

Dona 

September 19 

Goldschmidt 

Pans 

49 

Palea 

September 19 

Goldseliniidt 

Pans 

SO 

Virginia 

October 4 

Ferguson 

■\5 ashington 

51 

I 4 einausa 

1838, January 22 

Laurent 

Nismea 

52 

> uropa 

February 0 

Goldschmidt 

Pans 

53 

Calypso 

Apnl 4 

Luther 

Bilk 

54 

Alexandra 

September to 

Goldschmidt 

Pans 

55 

Pandora 

Sojitemlier 10 

Searlo 

Albany, XJ S 

s'* 

Mclete 

1857, September 9 

Goldschmidt 

I'ans 

57 

Mnemosyne 

iS5g, September 22 | 

Liillier 

Bilk 

55 

Concordia 

i860, March 24 

Luther 

Bilk 

50 

Olympia 

' September 12 1 

Chacornac 

Paris 

(h 

liAillO 

1 Scpteiiibcr 15 

Ferguson 

Washington 

Cl 

Danad 

' September 19 

Goldsilimidt 

Chatdion-Eous Bagneux 

62 

£rato 

1 October 10 

Forster 

Berlin 

63 

Ausnnia 

1861, February 10 

De Gasparls ' 

Naples 

<^4 

Angelina 

March 4 

Temjiel 

Marseilles 

05 

C)l)cle 

March 8 

Tern pci 

Marseilles 

CC 

Miua 

April 9 

Tuttle 

Cambndge, D S 

fiy 

Asia 

April 17 

Pogson 

Madras 

6S 

Lcto 

April 29 

Luther 

Bilk 


Hesperia 

A pril 29 

Scluaparclli 

Milan 

70 

Paiiopca 

May s 

Goldschmidt 

Fnntcnay aux Boses 

71 

Niobe 

August 13 

Luther 1 

Bilk 

72 

Ptronla 

May 29 

I’eters 

Clinton, U S 

73 

Clytie 

1862, April 7 

Tuttle 

Cambridge, U S 

7 t 

Galatea 

August 29 

Teinpel 

Marseillca 

75 

Kurydice 

September 2a 

Peters 

C lintoii, G S 

76 

Frcia 

October 21 

d Arrest 

Cnpciiliagcn 

77 

Fngga 

November 12 

Peters 

Clinton, U S 

78 

Diana 

1S63, March 14 

Luther 

Bilk 

79 

Eurynome 

September 14 

■Watson 

Ann Arbor, U S 

80 

Sappho 

1S64, May 3 

Pogson 

M idras 

81 

Terpsldiore 

September 30 

Tern pel 

Afarsuilles 

82 

Alcm^ne ' 

November 27 

Luther 

Bilk 

8j 

Peatrix 

1865, Apnl 26 

Do Gasparis 

Naples 

84 

Clio 

August 25 

Luther 

Bilk 

83 

lo 

September 19 

Peters 

Clinton, U 9. 

86 

SemcleT 

1 866, January 6 

Tletjcn 

Berlin 

^7 

^Ivla 

4 May 16 

Pogson 

Madras 

83 

Tliisbe 

Juno 15 

Peters 

Clinton, D 3 , 

89 

Julia 

August 6 

Stephan 

Marseilles 

90 

Antiopa 

tf October I 

Luther 

Bilk 

91 

Algina 

November 4 

Stephan 

Marseilles 

92 

TTndlna 

1867, July 7 

Peters 

Clinton, U B 

93 

Minerva 

August 24 

■Watson 

Ann Arbor, XJ 6 . 
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No 

Name 

Pate of Discovery 

Discovery 

Place of Discovery 

94 

Auruia 

zSOj, September 26 

Watson 

Ann Arbor, IT S 

95 

Aretliusa 

November 23 

Luther 

Bilk 

9<5 . 

Avgle 

18G8, February zj 

CoggiB 

Marseilles 

97 

Cliitlio 

t ebruary ly 

Tempel 

Marseilles 

98 

rail the 

Apiil 18 

rotors 

Clinton, U S 

99 

. • Dike 

AKy 29 

Dnrelly 

Marseilles 

100 

llutate 

July 11 

"NVatson 

Ann Arbor, U S 

TOI 

IlLlciia . 

August 16 

Watson 

Ann Arbor, U b 

102 

Mil lam. 

August 22 

I*etera 

Clinton, U S 

103 

11 era 

September 7 

WlllSOEk 

Ann Arbor, TT 

104 

Clymene 

September 13 

W atson. 

Ann Arbor, Lf S 

105 

Arteniu 

Septe*iuber 16 

Watsoni 

Ann Arbor, IT S 

106 

Diotio 

Oetober 10 

Watson 

Ann Arbor, U S 

107 

Cimilla 

November 17 

DogSOQi 

Madras 

108 

Ileciilia 

1869, April 2 

Luther 

Bilk 

icfo 

lUll it IS 

October g 

PeteiB 

Clinton, U S. 

110 

LyiUa 

— 

187a, April ig 

Dorelly 

Marseilles 


TL(j moat remarkable clijjactnistics of the a^teroiils aio their smallnoas, and the relatively 
wide range of eceentrieity and iiicliiiation among thtir oibita Their distTneea vary between 
about 200 cHid more* th in 300 millions of miles The eccentiicity of Polyhymnia is no less than 
3391 19, so that its greatest distanee* is more than twice its least The inclination of PalHa is 
34“ 43', BO that the excursions of this planet above and below the eebiitic eveced, when taken 
together, the igcan distance of the jilanet from the sun 

Leverner has shown, by means of calculations founded on the sccnlar motion of the perihelion 
of Mai-s, that the combined mass of all the astcronls, (discoiered and nmliscovcicd), cannot 
greatly, if at all, exceed one-fourth of the mass of our earth, and probably bears a much smaller 
ratio to the earth's mass 

Professor Kirkwood of America has shown that when the distances of the aatcroidg are 
arranged in order, certain well marked gaps make their appearance In otlier woids, thftc are 
no aUeroula liavtn<f mean distmiecs mat leitam deiinite mines These values eoiiespoud to 
distances at which asteroids would revolve in penods associated with tj t, peiiod of ifiipitcr 
according to curtain simple laws of coinmonsiirability Professor Kirkwood deduces conelii- 
sions favourable to the general principle on which the nebular hypothesis is founilcd He fur- 
ther compares the pcdilianty in (piestion with the existence of a great gip m the Satin man 
ring system, showing that a satellite 1 evolving within that gap would have a pound associated 
with the periods of the* inner satellites of Batuin according to simple laws of coininensur ibility 

ASTKOLAllE {aaTpbXt^os ) An mstriinicnt used by ancient astiouomers foi observ- 
ing the aturs Its principle rescmhlcd tluit on which many modem instruments arc founded, — 
as the eq^uatonal, the alt-azimuth, and the thcndolitc It consisted mamly of graduated circles, 
Laving a common centre Sights carried round these circles, or in some instances the motion 
of the cirtles themselves, served to indicate the .angular distances of the celesti il bodies from 
each other, or from hxed celestial points or ciieles, as the ease might be Thu instrument w,is 
used for a variety of piuposes, but gradually fell into disuse after Ptolemy’s mventioii of the 
Btereographic projection 

AS'l’KOIiOGY {S-erpotf, a atav , \eya, to order, arrange ) This term should, projierly 
speaking, be used to indicate what wo now understand by the word astronomy It has for a 
long ti lie been limited, however, to the pretended .art ot divining future events from the motions 
of the stars In this sense it is commonly spoken of as “ judiciil astiology,” beeausc its pro- 
fessors pretended to foim a judgment rcsjieeting future events 

So long as men supjioaed the earth to be the centre of tb«* universe, and the sun, moon stars 
and planets to be all intended for her beneht, there was Bometliiiig not altgg< ther unrcT.-,onahle 
in the belief that each of the celestial bodies exerts its own jiecubai tfi&uenccs If the snn 
pours more light and heat on the earth at certain times than at others, it was conceivable that 
the S1K cial action which each planet and star was intended to exert would also vary It only 
remained to determine (or foiling the jossibility of this, to guess) what was the ^jature of the influ- 
ence exerted by each celestial body, and under what circumstanqps such influence was most power 
fully called into action, m order to be able to form an opiiaon as to the condition of the objects 
sflccted by the celestial influences And since it was possible to determine beforehand where 
the ccle^tl d bodies would be given at any time, it would follow tSiat men could anticijiate the 
future fate of all creatures thus affected, as certainly as they could predict the season of harvest 
or of vintage Assume only that mankind is included among the creatures whose lot is influ- 
enced by the motions of the celestial bodies, then precisely as om can predict that a seed soivn 
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out of due season will not gcnmnatc, so one can predict that a man bom when the planets were 
exerting unfavourable influences will be unsuccessful in life 
When wo consider that in the infancy of astronomy there appeared ]ust this germ of reason 
in the views of astrologers, it is hardly to be wondered at that astrology should in old times have 
taken a him hold of men’s minds, or that even now it should be found by charlatans an ever 
ready means of deceiving the ignorant Considemig how ready men have been to draw con- 
clusions respecting the future from circumstances which seem to have absolutely uti be iring 
whatever oa future events, as fiom the condition of the entrails of animals, from luies on the 
hand, and even from the combinations of playmg canls — it it not surprising that the inflm nces 
which the planets and stars might reasonably enough be supposed to evert, should be cigcily 
studied, and the lesson of futurity secpi clearly legible in the calculated motions of tlicse orbs 
It would certainly not be fitting that men of the present age should sneer overmuch at the 
credulity of those who in olden tunes believed unqucstioningly lu the decrees of judicial astrology 
It would be well if all the superstitious which live in our day had even that small basis of pro- 
bability on which the ancients rested their behef m stellar influences 

It IS against the founders of the doctrine of astrology, rather than against those who jiut faith 
in them, that our diatribes should be directed It is impossible to conceive that they, at any 
rate, had any belief in what they taught 'Hioy must have formed the laws of their pretended 
science entirely at random, being at pains, indeed, to give reasons for their seh ction of such and 
such influences, as associable with such and such celestial bodies , but, undoubtedly, conscious 
that the selection had been made at random It is only necessary to mention a few of their 
pieteuded laws of divination to seo that this is so Saturn and Mars were supposed to exert 
ovil influences, while Venus and Jupiter were benignant, and ^Mercury and the sun indiffcieiit 
Dividing the heavens mto 12 houses by certain circles, they called the first house the “house 
of life , ’’ the second, “the house of nehes the rest, in ordei, refernng to “brothers, parents, 
cLildrcn, health, marriage, death, religion, dignities, friends, and enemies ” The planotny 
aspects were ctiaractcnsed in a similarly aibitrary manner, opposition and quadratiue being 
mabiniant, tnne and scxtile benignant, and conjunction indifferent 

Le , perhaps, the most remarkable part of tho history of astrology is that whieh belongs to 
the iienod immediately followmg the invention of the telescope The professors of astrology 
set themselves busily to work to find suitable influences for tho spots on the sun, the sitellitus 
of Jupil ir, and so on Nay, we find, that even observers of repute were willing to dovote a 
large part of the treatises, in which they described tlicir discoveries, to the attempt to explain 
the influe.icc of newly-discovcrcd objects on the lives and fortunes of men 

It la f jTtunate for the charlatans who, in our day, profess to believe* in astrology, that they 
have not felt bound, like their predecessors, to assign suitable influences to all the celestial 
objects , since, otherwise, tho zone of asteroids and the periodic iKimets would have painfully 
taxed their inventive powers 

ASTllOMETJ'lIl {darpoy, a star, and (Urpov, a measure) An instrument, dcvisid by 
Sir John Herschel, for estunating the brightness of the fixed stars The csscntivl ubjeet of 
the instrument is to bring an image of Jupiter, the moon, or sonic other object of lecognised 
brightness, mto direct comparison with a star, so that star and image arc seen in the same 
direction By adjusting the distance of the image, so that it appears equal in brightness to tho 
star, ami measuring this distance, the lustre ot the star is rcaelily determined 
Bouguer applied tho term aatrometer to the heliomcter 
ASTHONOMIOAL EYE-riKCE See Negative Eye^ce 

ASTRONOMY (duTpoy, a star , vifue, to classify) The science which deals with the 
distribution, motions, and characteristics of the heavenly bodies 

There can be little doubt that astronomy is the most ancient, as in certain respects it is the 
most noble, of the sciences From the carhest ages, thoughtful men have contenijil itcd, with 
interest and wondei, tim,plienomena presented by the celestial bodies , so that it is not without 
reasmi that Gassendus hah ascribed the birth of astronomy to admiration And gradually, as 
one phenomenon after another was detected, it began to be recognised that, independently of its 
singular chairm, the study of the heavens may he made to subserve, m an imimrtaiit manner, 
^ the interests of tbo’hdmau race. By supplying convenient modes of measuring time, and maik- 
in(f-SlK?progre8s of the seasons, by'aflordmg the traveller a means of guiding his course over 
pathless wastes, or the wide expanse of ocean , and, later, by supplying exact means of mciuvur- 
ing and surveying the earth, 4ihe “ stars m their courses’’ minister importantly to the wants 
of men It has been in relation to- these, and other useful purposes, that jjj aUiiat astronomy 
has been speciallj^ cultivated During the progress of observations m<idc in pursuance of such 
objects, there have arisen numberless questions of interest associated with the laws of tho 
celestial motions, and the physical attnbutes of the celestial bodies. In the examination of 
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these questions physical astronomy has taken its rise These important divisions of the science 
have progressed for many ages on parallel courses, though not always pan passa 

There are few questions which have given rise to more discussion, and have led to less satis- 
factory conclusions, than the problem of detorniming to which nation of antiquity the ongin of 
astronomy is to be attributed The Ohald.cans have been considered by many as the first who 
studied the science, and we have undoubted evidence that at a very eaily epoch observations of 
consider^bble accuracy were made at Jiabylon Cabsthenes transmitted to Aristotle observations 
made theib about 2250 ye irs before Christ The invention of the Saros (see Cycle) indicates 
also an accuracy of observation, and an attentive scrutiny of results, which force us to form a 
high opinion of the Cliald^an astronomers Some even have supposed that they had deter- 
mined the true nature of the planetary motions , but thq evidence on this point is too vague 
and unsatisfactory to be accepted Ohiuese astronomy has high claims to antiquity, but the 
accuracy of the older Chinese observations is more than questionable The phenomena recorded 
in the works of Confucius are merely announced as facts, not with astronomical accuracy M 
Badly has discovered that a conjunction of Mars, Jupiter, S itum, and Sfi rcury, idoptccl as an 
epoch by the Emperor Cliwen-hio, occurred on iVbi uary 28, n 0 2449, between a Anetis, and. 
the Pleiades In the reign of the Emperor Chou kang, the chief astronomers IJo and i/i (pro- 
bably these were the names of their ofhccs) were condemned to death for having neglecteil to 
announce a solar cebpse, which took place bo 21C9 It has recently been shown by Mr Wil- 
liams, Assistant Secretary of the Astronomical Society, that the chief characteristics of modem 
Chinese astronomy, and especially the mstrumt.nt3 now m use, were introduced by the Jesuit 
misHioiiaricB Still there can he no doubt that in aery ancunt times, long before the age of 
Melon in fast, the Chinese were in possession of the Metonic and Calippic cycles The claims 
of the Hindus to he the inventors of astronomy have given rise to much dispute Bailly re- 
garded the Hindu astronomy vs eaccedingly ancient, but ns founded on a yet more ancient 
astronomy, the invention of the Atlantides An argument of consulcrablc weight against the in- 
vention of their own system by Hindu astronomers, is founded on the circumstance, that in their 
sacred books aatnmoiiiical jihcnomcna niid relations are deseribcd which belong to a latitude 
much farther north tlian that of Benares But, weighty as this argument is, M Eailly laid 
too much stress upon it nlun, without direct evidence of any sort, lie m ented a natnm, as- 
signed that nation a local habitation and a name, and attnbuted to them learning so high, as to 
justify the rt mark of d' Vtoinbert, that they woiild seem to have taught mankmd everything 
except that the Atlaiitides ever existed 

Eecently, I’rofcssor Piaz/i Smyth, Astronomer Ko^al for Scotland, has pointed to many strik- 
ing evidences in favoui of the viiw that the arclnUets of the Great Pyraimd were acquainted 
with many a.stronoinu al f.iets usually regarded as modem discos erics, and as he places the con- 
struction of this jiyraimd itf a far aiitujuxty, it would follow, if we accept his inferences, that the 
nation which built the pyramid were the real inventors of astronomy He points out reasons 
for believing that the astronomical epoch, to whicli the Great I’yrannd corresponds, is the hist 
occasion when the st ir a Hracoiiis, w is 3“ 42' fiom the pole of the heavens, or 2170 ii c At 
this jHiaod the ]’lci,idcs were .ilmost cxaxtly ojijMisite, and a l^raconis m Bight Ascension , but 
they 11 ere ‘ m a must peculiar cosmical position, well worthy of being monumentally commemo- 
rated, for they wire actually at the coiiimenenig jioint of all right asceusiou, or at the very 
beginning of iimmiig that giand round of stcllu ilnonologii il mensuration aihieh takes 25,868 
years to return into itself again, and his been termed elsewhere, for reasons derived from fir 
other studies than anything hitherto conmeted iiith the Great I’lramiJ, the yreut year of the 
1 ‘leinfle‘i ’’ It must be remaiki d, honeier, that, sinking and most intciestmg as arc many of 
the relations pointed out by Pi ofessor Kmytb, one must not iccept without extreme caution 
results founded on mere numciacal cinucuh nccs There have been instances 111 wlntli the most 
striking comtidenccs have been pruicd to be ineic accidents One even of those insisted upon 
by Professor Smyth iiinst be regarded as accident il He shows that Jkt sum of the diagonals 
of the pyramids bisc amounts to 25,836 inches, eorrespouding close IJr to the number of years 
in the great precessional cycle, acconling to the best and latest researches But elsewhere he 
remarks that a side of the pyramid s b is>e contains as many sacred cubits,(each 25 British inches) 
as there arc days in the yeai — 1 e , 365 25 One of these n I itions must «f necessity he acci- 
dental, since the length of the side dotenmnes the length of the diagonal, while therein con-"' 
nectiun at all between the numbei of days in the year and the number of years m the great 
precessional cycle • 

The astronomy of the Greeks seems to have been derived from the Egyptians The founder 
of tlie Ionian or earliest school of Greek astronomy was Thales of Miletus (a p 600) He 
exhibited the nature of the lunar and solar motions, explained the incquahty of the days and 
nights in different seasons, and deteimmed the length of the solar year To him also has 
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attributed the Beleetion. of the Lesser Bear iti place of the Greater, as a poUr oonstcllatum A 
century later Pythagoras made important advances m astronomy Ho exhibited the spin ncal 
shape of the earth, and is held by some, though on. insufficient grounds, to ha\o taught that the 
sun 13 the centre of the planetary motions What he really taught, according to the statement 
of Philolaus, was, that “the earth and planets move in oblique circles (or ellipses) about hre, 
as the sun and moon do ” It may be that the last words were a<lded by PliiloUup, in viliich 
case we may believe that Pythagoras had discovered the true system But tlic evidence is too 
vague for any confident belief on this point To the Ionian school belongs the honour df having 
invented the Metonic Cycle, though some doubt exists whether Meton detected the peiiod 
which bears his name 

Eudoxus of Cnidus, (who died about n C 368), determined the length of the lunar mouth, 
and adopted the year of 365^ days *He was among the earliest to deal with the di(hculti< s 
whicli the looped paths of the planets oppose to the theory that the earth is the ceiitic of the 
planetary motions 

Passing over the work of Timochans, Anstyllns, and Aivollonius of Perga, we come to the 
most eminent of all the astronomers of old, the famous Hipparchus of Nic.ea IIo was essen- 
tially a student of practical astronomy He estnn vied the length of the tropical j ear within 
4^ minutes of its true value, determined the mean motion of the sun, detected the eccentricity 
of the solar orliit, and assigned the places of ifa apogee and perigee He examined the lunar 
motions with equal care, determining the motion ot the moon’s nodes and of In r apogee, the 
eecentneity of her orbit, the equation of her centre, and her mean inclination He coiislnu ted 
tables, invented processes resembling those of plane and spherical trigonometry, and devised the 
application of parallax to detennme the distances of celestial objects He alsa, formt d a 
catalogue of 1081 stars, which has been justly tci incd “one of the most valuable beipiests of 
antniuity" The greatest of hia works, however, waa his discovery of tho piecesbion vf iht 
eqwnoxi^ (See i’rffCMion ) 

Ptolemy is chiefly famous as the inventor of the system which hears his name, {Plolannie 
though the work ho did as an observer has beoii altogetber more valuable to the seienee 
of as+T momy He discovered tho lunar evcction 

Between the ago of Ptolemy and the foundation of modern astronomy we fintl the students of 
the science chiefly occupied in cndcavounng to reconcile the celestial motions with the pimcn>lis 
ot the Pt-olemaie System Good work was indeed done by Arabian and Pei siaii astronomers 
during that long interval , but the bebef m an erroneous theory vitiated the whole senes of 
labours earned on by astronomers 

ANitli toe researches of Nicholaus Copemik, (who died in 1543) modem astronomy may be 
said to have taken its nse Though unable to get rid entirely of the complexities and dilbiulties 
which sorrounded the Ptolemaic system, yet by placing the sun in tllb centre of the jilanetary 
Scheme and by si owing the earth to be but a member of the sun’s family, ho exlnhited a sim- 
plicity and harmony m the solar system which it bad hitherto wanted (Sec Copcrmcan 
Sij'thm ) 

Tycho Brahe endeavoured to replace the earth at the centre of tho universe, (see Tijclimic 
Syvl^H!,) but the observations which he carried out with tho siiceial intention of ovcrthi owing 
the Goperuican System, became in the hands of Kepler the means of cstabbshing that system 
on a firincr foundation (See Ktjjlenan System ) 

The publication of Kepler’s two first laws (m 1609), and the almost simultaneous announce- 
ment by G ililoo of the discovery of Jupiter's satillites, the phases of Venus, and a nuiidxr of 
other phenomena having an obvious relation to the new views respecting the universe, led ill 
the more advanced astronomers to accept with confadence the Uopemican System But it was 
not till Newton had established the theory of gravitation {q v), tint the true system can be 
Said to have been placed beyond a doubt So long as tho motions of the planets were rtgirded 
With sunplo reference to>,kineinntieal pnncijiles, there was, in fact, no real means of de- 
mon-,tiating that Tycho Brahe's system w,i3 not the true explanation of the celestial 
motions Tt vvas only when men began to recogmso the dynamical prmeijiks involved in the 
]ihmetary motions that it became impossible for them to accept the eaith as tho centre of 
those movements • ' 

>s discovery of the dberratton of the celestial bodies, (q v ), supplied a new and perfect 
dcnionstmtion of the Gopemiean theory But the events which have eharactonsed the progress 
of astronomy since tho time of Newton form parts of a system too wide to bo dealt with in 
this section The reader is therefore referred to sejiarato headings for an account of the ilis- 
covenes made in the various departments of modem astronomy It is unnecessary to point 
out what those hAdings are, but it may be remarked that under such general headings as 
The Solar System, Planets, Nebula, Stars, Comets, and so on, the reader will find mentioned tho 
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headings of the subordinate subjects 'whose study may be necessary to complete his general 
survey of the science 

Among the immense number of treatises which have been 'written on astronomy, we may 
select for special mention, Dclambre'a Uf^toirc d' Astronofime, and his TTaitt d AstronowMf 
Tlt£or^iqiie et Pratique, Sir John Ilerachel's Outlines of Astronomy, and Professor Grant s 
History of Physical Astronomy , , . » 

ASTftO-PlIOTGMBTEB An instrument described by ZoJJ^r for measunng the intensity of 
the light 'of celestial bodies Its description is too complicated to be understood without woodcuts, 
but it IS described in Zollner’s “ Grundzui'o emer allgemcinen Photometrie des ITimmels, Berlin, 
i86i ” The foUo'wing intensities were obtained by Zollner by comparing the sun or planets 
with a Aung® , he found that the intensity of the sun wp,s 55, 760,000,000 times that of Capoll^ 
■with a probable error of about 5 per cent Hence for the mtensity of the mean opposition 


Prob error 

Sun = 6,994,000,000 times Mars, . . ..58 per cent. 

Sun = 5,472,000,000 ,, Jupiter, 5 7 »> 

Sun = 130,980,000,000 „ Saturn (without the ring), . S ° 

Sun = 8,486,000,000,000 ,, Uranus, . 60 „ 

Sun = 79,620,000,000,000 ,, Neptune,. . . . 5 S »i 

Sun = 619,600 „ Full Moon, . 27,, 

Aud by comparing surfaces, Sun = 618,000 times Full Moon, . 16 ,, 


From the above it follows that our sun, at a distance of 3 72 ycars-way of hght, would appear 
like Capcll%with a parallex of o 874 seconds Zullner found the reflectmg power to be as fol- 
lows — 


Moon, 

. . 0 1736 

Saturn, . . 

049S1 

Mars, 

. 0 2672 

Uranus, , 

0 6400 

Jupiter, 

. . . . 0 6238 

Neptune, 

0 4648 


For the sake of comparison, we give the following determinations of the reflecting power of 
terrcatnal substances 

By diffused reflected light — llegular reflection — 

Smut just fallen, . . o 7S3 Mercury, . , o 64S 

White jiapti, . . 0700 Speculum metal, , , 0535 

White sandstone, . . . 0237 Gloss, . . , 0040 

Clay marl, . . 0156 Obsidian, . , , , 0032 

Quartz jiorjihyiy, ^ . . 0108 Water, . , , 0 021 

Moist soil, , . . o 079 

Dai k gray syenite, . . 0078 

ATAOAhITTE See Copjier 

ATliBKMANGY (a, not, etpfiy, boat) A term introduced by Mclloni to designate the 
projicity of btojjpmg the passage of radiant heat It is thus tlio opposite of diathermancy, and 
corresponds to ojiacity in the case of light , m Lmt, an athormanous substance is sometimes 
spoken of as being vjxiqne to heat (See also Hiathiimanry ) 

A'l’BANTIC Th.LFGliAPH Information as full as our hmits permit on the subject of 
telegiajiliy in gcneial, and submarine telegraphy m particular, will be found under the heads 
Tilft/raph and Cable, Submauue Here no pioposc to give a few details on the subject of the 
construction and working of the Atlantic cables 

The credit of originating the idea, or at least of maturing it, is due to Mr Cyrus W Field 
but probably no undertaking of the kind ever before engrossed the attention and caUed to its 
aid the powers of so mauy scicntiflc men, niatliematiciaiis, electrician B,.and ongmeers and none 
ever aided j lire science so much by assisting discovery and stimtffating research Peculiar 
difficulties which had not been encountiTod, or hml only been encountered to a very small 
extent in the previous short lines, were met with, both in engineering and m electric 
and signalling , and the talent of England and jkmenca were called info play to overcome stipm 
We regret that oui space does no* permit us to tell the eiscitmg story of the many.*K/!ld*ajiii 
failuus of the steady perseverance and mdumitabla energy aSid courage of the promoters and 
uudoi takers of the s^eme, of the triumph over diffiuiltiea successful laymg of the 1866 
cable, and of the still greater feat, the lecovery and xompmtion of the lost 1865 cable for 
theso wo refer our readci-s to The Atlantic Ttltyiaph, by Dr W H Bussell ' 

In 1857, the first attempt to la\ an Atlantic cable was made Startmg«from Valentia 330 
knots were submerged when the cable broke, owing to defective paying-out machmery.’ In 
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the summer of 1858, the same cable was taken on board by the “ Niagara” and “ Agamemnon 
a splice was made m the middle of the Atlantic, and the vessels commenced p lyintf ont Thiice 
the cable broke, but at the fourth tiial the operation w.is successful, and a cable connected 
Iiolaiid with Newfoundland Unfortunately there was a slight fault in the cable, n hu h r vpidly 
became worse and wortiO, till after a few days coniiiiumeatiou altogethir ti ased , not, how- 
ever, before several messages had been transmitted ami the feasibihty of an Atlantic Tclugi iph 
had been dcnionstiatcd ISetwccn 1857 and 1S58, Sir William Thomson bad sbowoil the grt it 
difference in the conductivity of •anoiis speeiniens of copper wire, and had proved thafcpioper 
selection of copper wiie may increase the speed of telegraphing by at least 30 per cent The 
miiTor and m irine galvanometers had also been invented, and were used in tigtialliug throngli 
the cable in 1858, and m testing on board the vessel 

The 1858 cable consisted of seven csipjiei wires twisti d into one strand, a number of wires 
being used msteael of a single thick ont, m orde'r that if ono should break fioin twisting or 
bciidmg the cable, or 111 any other way, the continuity of the condiictoi may not be* ile-tiojeil 
Ovci the so gutta pcrelia was laid 111 tliree coatuigs, and the whole protected )»y i iglitei n strands 
of non wire, each strind being coinpoBed of sev'en wncs, vvbieb were lanl spiially ri>und the 
core, being separated tioin it by a padding of hemp saturated with tairy imxtuio The weight 
TV as 20 cw t per knot in air, and 1 3 4 cw t m water, and its breaking strain w as 3 tons 5 evv ts, so 
that tlio cable would bear a bttle less than five miles of itself suspended ri w iter Tlic dis- 
tance from Iieland to Newfoundland is 1670 mdes, ami 2174 miles of tiie cable weie shipped for 
the iiuTiJosc of Hying 

Aftei the loss of this cable great difficulty was cxpciienccd in obtaining the rcipusitc funds 
to cany on the constmction and laying of another , and though those who wcu most competent 
(o judge were the most <anguilic about the ultimate success of tlioniiilertaking, it w as*iot till 1865 
that a icw cable was ni vdc and sent to sta In the meantime great aelvance hiul been made 111 
the knowledge of the tiue piinciples of snhinanno telegraphy, and the muelianii il arrangements 
for submerging a c vblc had been very mi^h improv ed The “ Great Eastern” took the c vble on 
hoaul, and commenced the Hying fiom Valenti i on the 23d of July 1865 All went well, 
till ugh many dilheultics were em ouiitered, till the 2d of August, w lien, Vi the cahlo was 
Ik lug hauled back, in older to remove a faulty poitio’i paid out, it ebalTi d ig unsl the bows of 
the ‘‘Great Eastern,” parted, and went oveiboard 111 20C» fathoms of watei, the length of 
e vble paid out being 1 18O miles, and the distance fioin Heart’s Content, Newfoundland, 60G 6 
mil' s 

Afti 1 several attemjits to rooovoi the cable by drifting over the spot with grapnels trailing, 
duiiii,, which they liooked it and almost diaggcd it on board, they were foued through difec- 
tive juikmgup machmciy to abandon the enterprise for the tune, but with the satisf letmu of 
having proved the probability of success Next year another cable ijas ready, and the ‘ Great 
Easleiii” og.iMi started from Valentia, and laid it almost without a hitch Theuievinc igaiti 
the grand eiiginoenng experiment of picking up the lost one , and on the zd of iScpteiiihei iSOG, 
Sir H.imucl I ’aiming telegraphed to Sii lliehaid G1 iss that he had much jile isure in speaking to 
him tliiough the 1865 cable The cable was completed on the btli of Sejiteiiiber 

The form of theso cables is much the same The copper conductor coii-ists of seven wires 
(gauge No 18), weighing 800 lbs per nautic-vl mile These arc made into i single sti md, and 
aie embedded 111 a pitchy mixture called Cbattcitoii’s coinpounil Over this aic laid four layeis 
of gutta jitrclia allci n itely with three of Ch vtterton's compouud, tho eliameter of the coie thus 
formed boiug o 464 niches The object of using so many coatings is, that if .111 an bubble 
should occur m any one of them, the great pres-iine to which the cable la exjiosed may not be •ible 
to foiee water coiiijiletoly through to the conducting wiic, and thus to ellt et the destruction of 
tho insulation The external jiroteetion consists of 10 solid wiics (No 13 gauge), siirioundcd 
separately by Mvinlla yam, which has been saturated with a preservative cnmiMiuiid, and theso 
ara laid spirally round tho core previously padded with hemp I’ho weight 111 an is 35 ewt 3 
qrs , and lu water 14 c^, pci knot, and the breaking strain is 7 t'Uis 15 cut —tint is, the 
c tble would bear 1 1 nautical miles of itself suspeiidcd in water The deejiest w iter was 24CX3 
fathoms The length of tho 1865 cable is 1896 knots, and of the 1866 e ibk 1S5S knots , the 
total resistance of t]jo 1865 cable is 7604 B A units, that of the 18GG cvblc 7-®9 units , 
•aiftl ,tko Resistance of the gutta pqrcha lusulator jiei knot is 2437 millions of B A units after 
one minute electri£cation, and it rises to 7000 milhous of B A units after being eleetnhed for 30 
minutes 

The battery used for sending Is that w'bich we hav'e describeil under the name of Menotti’s 
battery, though, we believe, it has been invented by a number of electiicians, aud is called by 
many names Tvsanty cells are used, though not more than twelve are necessary The receiving 
instrument is Thomson’s Galvanometer (See Jifjlcctini/ Gulianovittu ) The alphabet is made 
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by the Vibrations of the sjxit of liyht t<J the one side or to tlie ofclicr Under Elettrteily, Vdo- 
city of, MFC have spoken fully of the nature of the charipng and dischwging of such a cable as 
the Atlantic, and it will be readily understood fiom what we have said there that rcadvng by 
an instrument,, such as any of those in use in oidinary telegraphy, would bo very slow indeed 
We should have to wait for each signal until the cable was completely or nearly completely 
charged , but by the delicate reflecting galvanometer the very coiiiirienceincnt of the electiic 
flow may bo observed 

In «i Jer to obviate as far is possibh the cllcots of indilltion, an arrangement due to Mr 
Varley is made use of At Valeiilia the cable is connected with one coating of a condenser of 
very gre it capacity, the galv anonieter being ]>1 u cd betw eon the condenser and the cable When 
signals aie to be si iit from Newfouiidl iml, the other coating of the condenser is kejit connected 
with the earth At each depression of the sending key a flow of eleetneity t ikes place into the 
condeiibcr, or out of it, as the e.ise may he, ind the flow hackivards and forw vids taking place 
through the galvaiiometer gives rise to motion ot the spot of light, thus j rodiu ing signals 
Again, when V ilentia tdegiaplm to Amenta, tho condenser is electrified pr sitively or nega- 
tively by iniluetjuii, and gives use to a coricsiionding flow backwards oi foiwai-ds through the 
cable Jiy this arraiigi incnt the pioloiigation of the sigiiil (See Efcclncili/, Vdoetty of) is 
avoided , and as tliere is no prtiper volt lie eircmt, the dlstulb.antc due to caith cunents, wluch 
would he inueh felt by such a sensitive ret living instiiunciit, is also prevented 

The Hignals are, as we have sanl, pioduced by the movements from one side to the other of the 
spot of liuht leileeted fioiu the moving iiiitiur of the galvanometer 'J'he latc of tiansmissinn is 
Very gre it mdeed It is said that, win n the ih iks speak with each other, as high a speed as 
righticii words x>er minute is obt lined About half thib rate is adopted m tiaiismittmg public 
messages * 

The reader who desires fuilher infonnition will find it m The Atlantic Tcleciiajth before 
referred to, m two aitults in (iood Ibo/ds, 1867, the North lintidi Urincio, 1S66, and in 
tho lo/i, August to IiovcinheT, 1856, also in tho paiicis of Sir William Thomson and 

others eniiimuiiieated to the lintish Association for tho Advanei ment of Si lonce and to the Boyal 
Society 

ATM( ) JIl'/rKll (dr/uAs, vapour, and /a^Tpov, iTuastire ) An instnin nt for measiirmg tho 
evaporation fiom a moist surf n e Theio are sevtial eontnvaiicc's fo, this purjiose One of the 
simplest consists of a long gridn ited tube of glass, with a liollow hall of poious earthenwari 
attached to its foot Tlie tube is hlleil with w iter, which soiKs the substanee of the hollow 
ball Tho w ifi 1 sinks m the tube .as tin pioi iss of evapuiation goes on at the surface of this 
hall , till I iti .it which tlio vvati i sinks ludiiatiiig the rate of evaporition 

ATMOSl’HlvUE {arfws, vapoui, and <T 0 aipa a spin re ) The invclopc of g.ascs and 
vapours wliiih surroiiiulsitlie e.irth It eoiisiits of two disliiiet poitions, tho peilli.im nt atmos- 
phere, whosi uiimint dois not ileiiiiid on oidui.iiy viii.itioiis of tempi rature, and the vaporous 
])ortion, wliosi amount is f.ai less eousic lei able Ilian that of the pel iiianeiit atmosphere, and is 
V in ilile w itli < h iiiges of ti mpi r iture, &e 

Pi csaiti i iij l/u Almoyihci c — The fact that the atmosi>here has wi ight, ind so exerts pressure, 
was Niispe'cti'd by Aiistotlc, and isserted by Epicurus But tho former f iileil to coimneo him- 
self by evpeiiiiieiit that an his weight, and accordingly until the liiidllo of the beventeenth 
century, it w is eommoiily aecepti d tliat tho air is weightless The experiments of Toineelli and 
Otto de Oiieiieke proved, however, that the .ur not only has weight, but at the e nth’s surface 
exerts mormons jiiessure Toiiieilli’s niim expeiimeut was that which foims the fundamental 
piilici]ile of the Paiomitii {71) It shows tint the pressure of the air at tho eirth’s suiface is 
callable of siipijortiug a column of iiiereuiy ibout 30 inches m liuight, in other words, that the 
weight of tlie whole atmofaphere is eiju il to that of an oieaii of mercury covering the whole 
earth, .and about 30 inches deep 1 1 follows from this that on every sipiare inch of burfac^ 
near the si a level, in whatevei position such surface may be inelyiecl, there is exerted a 
pressure' ot about 14 6 lbs The picssuie on i squire foot is very uuAily i ton , and it has been 
calculated that the actu il jirosuie exerti d by the air on the surface of .a human body of aver- 
age stature is equivalent to a weight of somewhat more than 14 tons It is only because thi* 
pressure is balanced by the prer ure of ehistic fluids within the body that it produces no sensible 
lueonveiiience , ^ 

For the atmospheric pressure on different parts of *^he earth’s surface see hfoharometne Lines 

At any given place the pressure of the atmosphere vanes sensibly from day to day and even 
from hour to hour Under the heads, JJarometn, WcalAer, &c , some of these changes wdl 
be considered There are systematic changes whose full consideration would require more 
space than is here at our dispos 1 It may be mentioned, however, that as regards the iiTiTiim.1 
variations of barometnc pressuie, m temperate latitudes, a double period may be recognised. 
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The two maxima occur lu winter ami Rummer, the -wrntcv maximum ex'-eediuK tlio Mimmer 
one The niiaiina occur near the eciuinoxes, ami aie appictiably equal The (liunial \ irntion 
also qpchihits a double period Tlicre is a monunij ininiuiuni at ahnut a qiiaitcr bcfon four, 
followed hy a maximum in Rumewhat less than six liouis (more exactly, at gh 37m AM), 
then the pi essure decreases till about 4h 501 r ir , after which it rises till about loli iini 1 11, 
which IS the hour of the evening maximnm These honrs xaiy somewhat, however, lorllilfer- 
ent stations In tropical countries the diurnal oscillations of the atmospheric. pressure fire much 
more m'rked, and exhibit much ftore rcijulanty than m om 1 itiLudcs 

llenjht of the Atnihfphere — Very little is known with certainty respecting the actual limits of 
the atmosphere From the duration of twilight it has been calculated th it the atinosphe ic h.is 
a height of about 45 miles , but there can he little doubt that this estimate falls veiy Far short 
of the truth Other calculations founde’d on the duration of twilight at delated st itioiis give 
very ijiffcrcnt results Thus liravais, from a discussion of Lambert’s observations, deduced v 
height of nearly Icx) miles Ills own observations made from the summit of thu I’aulliorii gave 
a height of about 66 miles IJr Bvlfour Stewart consulera th it the best means of judging 
would be hy observations made on the aurora From such observations made in 1S19, Dalton 
estimated the cxtieme height of the auroial light at 102 miles Sir John Hcrsclicl estimated 
the height of an auroral arch seen on M ireh g, 1S61, at Sj miles From observations made on 
metcois, it has been concluded that the atmosphere is at lea^t 100 mileshigh , and some oliscivi- 
tions of this sort have even been made which suggest the belief that the air may r< w h to a lu ight 
of more than 200 miles M Liais was led by observations made m 1S59, on the pol insatiim of 
the sky, to the conclusion that the atmosphere extends to a height of no less tli in 212 miles 
Den 'oty of the Atmosphere — The law according to winch the atmosphere diiniiusU^s in density 
with distiiiec fioia the earth s surface dcjieiuls on principles whub, theoretically eonsideied, aie 
suflicieiitly simple , blit as actually obsirvcd, the variations of density, thougdi aceonling g* iie- 
rnlly with the deductions from theory, are yet marked by peeuliai itics of a somewhat (oiiiph x 
nature, n suiting from the duplex character of the atmospheuc constitution As affoidiiig an 
ajipiuxiiii itcly correct view of the subject, the following eisily leineiiibercd law may be given 
‘ a huuht of snen miki the dcimly of the atmosp/iere is redurnf to oncfowthihi ilinsitij at 
th seaU“i<l, and for tunj iiKrease of hvnjht by nitn mtlis, tin raiityof th ntr m sniiifnihi 
(/ncidtupl'd ” So tliat since prc’ssiire is proportional to density, it a height of seven miles, the 
air w iild supp< rt a column of mercury about inches only in height , at a hi ight of 1 4. miles 
the hiqiporti J column of mercury would be less than 2 inches high , at a height of 21 miles it 
w mid be less than half an inch high, and so on It is obvions from these eonsideiations that 
thi le must be a definite limit to the extension of the atmosjihcre, since the elasticity of the air 
must at a cert uii height, ho so reduced as to he just balanced by the attraction of gravity 011 tlie 
atiriiisplicrie ninleeulcs • 

rMOSl'lilillK, t/OMrOSITlON OF THE The term Atmosphere is applied to an 
envelope of gaseous matter surrounding any substance Thus we speak of distilling li(|iiiils 
III an atiuosplii re of carbonic acid, and of icdueiiig oxides by heiting iti an atino^phcro 
of hydiogen The temi is, however, generally used in nfirenee to the eaitli’s atino'.jdicre 
The tiue lompoBition of the atmosphere was not known till the ycai 1774, whin li.avoisiti 
pointed out that it consisted of two gases, one of which was a siipportei of lifo iinl lom- 
bustion, and the other the reverse The former hf found to be identical with I’nistley’s 
“vital an,” now known as oxygen, and the latter he exiled arote or nitrogen, and showed 
that the ntmosj In re contained about one fifth of its xoliiine of oxygen ami four fifths of 
nitrogen The other normal constitnents of the atmosphere arc acpieoiis xapour, orout, car- 
bonic acid, iml ammonia, besides accidental constituents such as nitric acid, suliihurous acid, 
caihonic oxide, hydro carbons, products of orginie decomposition, and the iniiiute solid p irtulc's 
constituting dust, and rendered visible w'hen v be un of tk etiie light 01 r ly of siiiishiiie ti avt rses 
a dark room 'J’he accurate analysis of air has occupied the attention of ehciinsts foi many 
yi ars, and the result of thelT labours has been to show that the percentage hy bulk o*’ oxygen m 
the atmosphere, whether taken from the top of a mountain, fiom a balloon, over the sea, in a 
London court, or in the country, vanes very slightly between 20 65 and 20 99 of 0X3 gen The 
carbonic acid vanes isucli more considerably', the average being about four volumes in 10,000, 
Rising ptr’xaps to ten times that amount in crowded rooms, theatres, &c , and sinking sometimes 
to about three volumes The a()ncous vapour depends so largely on temiitiaturc and rainfall 
that its variations can be reduced to no rule, the limits being none at all, and absolute saturation, 
and the vanations at the same *place .frequently approaching one or the other within a few 
days The ammonia exists m very small quantity, and the analy^iis by different observers vary 
greatly, the maxunlhn being 135 parts, and the minimum one part m a milhon Although in such 
numite quantity, it appears to play an important part in vegetation, and hence m animal 
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nutrition, for most, if not all, the nitrogen of the plant la Jenved from atinosphciic ammonia 
Ozone IS generally present in the atmosphere, eveept in crowded cities and under abnormal con- 
ditions , but no trustworthy method of estimating its amount being known, no analytical results 
can be given The normal comiiosition of the atmospheic is altereelby icspiiation, putrefaction, 
and combustion, which remove oxygen from it and add carbonic acid, and it is altered in the 
opposite direction by vegetation, l>y winch carlxmic acid is absorbed and oxygon is evolved , a 
balance m’tbis manner is in some degreo kept np, ind the atmosphere is rcndcreil fitted for the 
reqnirtsmonts of living beings I'urlhcr inform,vtion on the composition of the atmosphere 
may be obtained by reference to Dr Angus Smith's papers read bcfoie the Chcmieal Society 
and the Liter iry'and I'liilosophical Soeiety of Manchester, and published in their Transactions 
(See especially Journal (’hem Soc xi iy6 ) 

ATMOSl’HJslllS, I'jLEfJ'I’llKJAL Ttnas supposAl hy some that round an electrified body 
theie exists a ceitain Kjiacc withm which it can let to decompose, as they expresied it, the 
neutial electiieity of unelcctrificd bodies The sphere of this action is termed the elcth ital almos- 
jiheie of the boilj As fai as wc* know, howi \ci, there is no limit by distance to the action of 


induction , and hence the term elec tne d atmosphere is woi se th in useless 

Al’MOSPHKllES f)F 'J’lJ E ELANE'I’S Wo have evidence, di nved net only from tele- 


scopic observatujn but from the suior teachings of the speetroseope, that tlio planets have atmos- 
pliLiic enielopes, though as yet wo have no means of assuring ourselves of the actual constitu- 
tion of the atmosjdicic of any planet Aeccptmg the nebulai hypothesis, whether as originally 
presented by Jiapl.ice or in a modified form, we should have fuitlier evidence deduced from the 


Considei itioii of the icsults whieh might he expected to follow from the processes according to 


which the various pliiiets are supposed to hive been formed, according to th it theory Many 
interesting giieslious aie suggested by the v iiioiis iilitions whuh we may suppose the planctaiy 
atmos]ihen s to he.ai to the oibs they ''iiiionnd Tt has been conceived th it hy such varieties 
the different distaueis of the planets fioiii the sun, and the consenuentdiirereuees in the amount 
of heat they leieivo fiom him, may he inoie or less completely conipcnsate'il IVfi Hopkins of 
(Jamhiidge has shown that the ]i1anot 'Nlais, with an atmosphere ahont 15,000 feet higher than 
the earth’s, would li we a eliiri iti siiml ir to hirs , and that the jilarii t V» iiiis, if her atmosphere 
corrosponilcd to that ]Mntion of the earth’s atmosjihcre which lies aho c the height of 25,000 
feet, measured fiotn the hca-levi 1, would hvvi a maximum tenqier i1 ure not exceeding that at 
the earth’s eipi.itoi We owe to Jh 'I’yndall the explanation of the ciiriiinstaiico on avhioh 
such consider itioiis irefoutiikd He h is shown that it is not the iir itself whu h prevents the 
eaitn’s licai fioni being 1 idi ited into sp lee, but the atpieons vnjioiii iiresent ill the air Other 
vapours ]i ive an even gr« iter jiowti of piivcutmg the ndiition of heat from a low temperature 
source, hki the heated siufaee of the e iith aud Di Tynilall remirks that an atmosphere 
miglit be foiiiied which vwiuld wtthepait of a hwb to the solai ia>s, “ permitting tlicir entrance 
tow mis a pi nut, but pioveiitmg tlieii witliili iw il,” ind th it thus a eomfoitablo temperaturo 
might be olitaiiii.d on the suifice of the most distant plinets It seems open to question, 
however, whether the actual circunist mees of our own atmospheric suriounding can he apprcxi- 
m ited to on any other pl met, still less on those planets which me any near to, or veiy far 
fioiu the suu, by my such iinanginient, since the git it excess or defect of el 11 ect solar heat must 
alWti^s iLiinm imcom])ens.ated 


A'rMOSI’HEllE, OrAI.ESrEXCE OE THE Sec OpnJnccnrr of the Aimo ,i 1 ifre 
A’J’^rDNPllisHE, IvEEllAC”L'T VE OE MtfHUluc l*oiLr.t of Iht Atitiosphevc 

A'J'MOH I’ll I'll llO Elil'lCTHKTTY Some of the most stnkmg natural idicnomcna, such 

as lightning, thuiieler, and also senuo more quiet, but not less remaikable luminous appeaiances 
are due to the existence and the diseh iige of ele etiie .iceumnlations in the atmosphere Erank- 
Im was the hist observer in this held Tlie lescmhlanec of lightning to the clcctiic spark hatl 
been sjioken of before , but till the time of his lequcst to the Euroiieau investigators to make 
the tiial, nothing was done to piove the identity of the two At Eiankliu’s suggestion, M 
E’Abil irel in France erected a pointed rod in 1752, and by means oPit obtained electricity from 
a tliimelcr cloud But before any ace oiint of his experiments had reached Eianklm, he himself 
tired of waiting for the erection of a spire in I’liilailolphia for the experiment, bethought him of 
fljiiig a kite elurmg a thuiieler ,tomi, aud thereby e?ommuuicating with ilic uppci regions and 
With the clouds The kite wa^ flown by a common hempen string, to the end of jvhich waS 
attached a key, and the key, by means of a gilk cot 1 , to a tree He presented his liand to the 
key, hut at hrst obtained no result He w'as about to give it up in despair, when some ram 
having fallen and wetted the string, it became a conductor, Snd ho perceived a slight spark 
Afterwards more ram fell, and he obtain* d a copious flow of sparks Ho desciibcs his ]oy at 
the discovery as being such t^vt he coukl not *efiain fium tears • 

Soon there was a host of investigators in the held, as Nollet and Beocana, Eiohman,'who was 




LilLcd by lightning while tKpcijmcntiiig, VdU I, .umI otbcis , *iii(l siiiu' tint time wo hue h ul 
many obtervers But though much has been done, and many facts hue been collected, tlie 
BUDjocJ cannot yet be h lid to be well undeistood, mil eiii^rul obseiv itioiis in all pliei^i uid 
positions are much lequire'd Ilithoito the wiiit of lu mnrit and umiigt ilile el< etioiui ter 
has been a hindrance, but within the lost few jcais the mceiitiou and peifi etiiig of tlie ehietvo- 
meter of Sir William Thomson has done aw vy with the dilliculty , and t ven ,drc.vl> lesulU 
hive been obtained and aie iceumulating We deal lu this ntiele not with thft i (Verts of ch diu 
force, such as lightning and thunder, whuh nro discus ed uiidi r thiir pioper lie, ids, but r ithci 
with its existence iii the atmosphere and the 1 iws of its disti ibntion as far as Wt know tin in 

VRie priucijilcs on which our deductions on tin subject iro founded are laid down in ,i re m.aik- 
ablc paper by Sii W Thomson, published m Xiihors Kncjcl-ip i di i, and in a In tnie d( In t n d 
at far Hoy il Institution, M.iy l8, i860, both i. pubbs’icd with Ins nlhei i leeti n il ji ipi i ' We 
shall b6gm by briefly re stating these piiiieiplcs , for the fulkst mfoiination, the p ipers tin 111- 
selvcs must be consulted 

111 order to Know thoroughly the distiibiitiou of elretiu i(v tliiougliout 111 insulnting liodj, it 
Ls netc ssary to know, for every point 111 u, the lesiilt iit fmee m m ignitiuio and dm t (ion ( if 
this kind of mfoiination, we have nope whateici at tlie present time , iiid to gun it, nbscii i- 
tlons with tiif aid of the balloon would be ueiisMi^ We know, howivii, soinelliiiig of llii 
iistiibutiou of eleetueity over the e nth’s siuf tec lud fioin this 1 now U dge we 110 ,i.bl» to 111 ike 
31 1 tain mipoi taut deductions with 1 gaid to tin clcctiil c itioii of Liu uppei sti ita of the itiuo-.- 
phcic 

The whole of the eirth’s aurfvee m it all times ik itnOrd, wifi the i >ri]itii)ii of ninli d liii s 
wlutli Inide jiositivc ly eleetislii d p' i lions fioiii |siitloim uJinli 110 p, e itiie Ou (lu? wlioh , tlie 
.\te it of the iKgatively eleetulii d p i,rt IS niiuh 4ie itei t'l in tli it of tin pusitiie put, iii fict, 
it IS 111 ly in b 'd Wi ithel, i r iiudi i ilie rilblenee of luiii di lulbilig eausi , tli it jii silui eh 1 (in 
iKslion thv- sulfite CMsts d all If tli,. oaitli wtie siupily an eli etiifiedb' ,l>, iiiiibstuiliid by 
till u.fluLiiee of any eleu tutu d iri.attci e\l< ni il to it, 01 ol any eonductoi ui il^ iiei^liboi ili i,m 1 , 

I i 'lucti'city would bo disLributi d ovti tii “ suif iii iiiouling to a di f'Uite 1 iw, di [i^iidiuu o ily 
ojI eiio form of tbo sill face If \.o knew this di-*-iibnlioi), inyditoii iblo viiiiLion fioiii it 
mast bo duo to ,an c\t<inil cause, and fioiich we do not know it, Jit fiom obseriiog the 
ih oigc . which occur ui it fioiu time to time, we <ipi illy iiifei an exteniil ciusc, piiil to mme 
i ui" WQ aiL able to deduce the natuie of tint e.uise 

Hi On (list place, we find tint these clnuges aie eouiiected m nuny cases viLh poweifid 
ati 1 phene distinliaiiccs, as in the east* of the i>i<siiiee of thundei clouds Wc also hud tint 
< Veil (lie Biiialli T ch nges depend upon the state of tlie wi dim Tims, .is was mnilioned ilmvi, 
in 1)1' iki'ii weather VM observe jiositive rli eti die itioii of tlie eaith s siij^face, wliuli nevei oicms 
lu fan n I, ‘-ei L ic weather To somi e\ti nt, also, it liis been shown tbit coitain winds 10 
( oiHicc ted with (III un ehangtb m the ehctiir distiibutiou Thu-, Sir \\ Thomson w,is able 
'liiiost to picdict the oecuiieiico of cast iviiid by hiidiiig i ] uticulaily high chitiie d ludu itioii 
Thi v.l'aiigLS, too, ale frequently so vCiV 1 ip'd that they i ui li iidly be loneLiied to be dm to 
aiijtlipig but the influence of olcetiilied bodies of .111 uioiiiig at a not vciy gieat chstaiiee honi 
the eanli’s siuf.ice 

III 01 del to show the existence of electiic force in the atino'pheio, it is only luer-'suy to 
attach to the upiiei pi ite of aii electrosropo a nietallie lod c iiiving it the top i jiiecc of tom h 
pipci Ou lightiiig tlie touch piper the gold hues will very soon show signs of eleiliic 
excite im nt The qii ihty of the eleetiieitv uiiy be deteiimued ui the usu d wa> by appiuaelun'g 
an excited rod of glass or fccahng wax Theeifeetof the Imrnmg touch jiapoi 1-, to thiow olf 
eoiltipu vll^ partifles of mattei chu'gcd oppositely to the in at tlie point of the eonductoi 
Soon, tluici'ire, the ( onchietor IS reduei d to the same state as the in, and tlmrfoie tin gold 
haves also w Inch aie eoiniected with it As bia been mentioned, m hue weatliir the eai Ill’s 
B'lifaec IS always ncg,atue’i 5 i,eketiified The an, therefore, and the eleetroscoj'i will be found 
111 tins cssl lo bo positively chaiged Foi full partieid us as to the inodes of colleetiiug, iiu isiii- 
lug, and iccoiding ob'-cnations oil almosphciie electricity, the leader must emisult the articles 
upon iiaio) K'l, M(^( until or jnoJ, aud upon EUihomcttia 

• '’’'uriiig smtiie aud cloudless weathei the electiicity of tlie atniosphero is always positive, and 
of an amount deiiending to a certain extent npou the position of the pi ite at wlin h the obsen ,a- 
tiun lb tikcn, and v.irymg fioin tune to tune at the same place At high and i-olatcd places 
the amount is gi Latest , in onclosid places, sm li .is between walls, in stieets, .mil t>o on, but 
little IS to be found It mere ises as wi? use through the ,atinnsplieie Dining dry weather it 
IS geuenlly gicitest, and it appears eHpecially during the oeeurrence of c.u.t winds, at least in 
scime places At aunriae the amount w small , it apjiears to increase uj) till lietween the hours 
of eleven and eight, the time of the maxunam depeuchng upon the season I’rom tlm time it 
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decreases, till it attains a minimum a little before sunset , and a few hours after sunset it takes 
a second maximum, from ivluch time it decreases till sunrise a^aiii It seems also that the 
winter average is higher than that of the summer months In stormy and wet weather the 
electricity observed is frei^ucntly negative , it is very vaiiable, however, and as yet no law has 
been^iven on the subject Generally, too, the clouds are electrilicd, sometimes positively and 
sometimes.negativcly It will be seen from the me igrc account we have been able to give with 
lespect to a’ctually observed farts, that ■'>.r are yrt m want of much observation, both regular 
and takmi simultaneously at diffeient nt itions Within the last few years several self registering 
electrometers have been set up both iii England and abroad, and even already some results have 
been published 

Several thrones of the causes of atmosjihrric clcctnoity hav'o been put forward, but as yet 
none Very satisfactniy The c luse cannot be said to be known It has been asciibed to evapo- 
ration, which it has been shown produces electric xntement under ci rtain rircuinstances , and 
the earth has by BiiiTio been conij) in il to a voltuc pile in which the clntri'ity is excited by 
clieiiiical action, and sometimes to a thcinio clcitiie vmngrmtnt Tin fiutun of the air has 
also horn supposed to be the exciting cause Evpciimcnts in jiroof of any of these thcoiics are 
wanting 

A I'AI OSniETtTC ENGTISTE See .^lunn-fVfinie 

ATMOSPIIEUIG LTMjrt OE THE SrECTJlUM ,Sir I)avid Brewstr r has shown that 
some of the black lines observed m tlie sol ir sjicctmm aio rliic to absorjition of certain rays by 
the atmosphere I'lio Erench jdijsicist, Jaussoii, b vs provi d that, when light is jiassed tlirough 
a cnnsiderahlc thirkncss of sti am at high jiressiiro, it piodnrr's strongly maikcci absuiption bands, 
which comVido with lirevvstcr’s grrnnis of lints, uid which become inou lutcnsc when the sun is 
on the hori/on, and the atiiios])hcic charged viith vipicoiis \ iiioiir ]\T r,insscn has named 
these lines the tHlhiiic burs of the solai spetliiim (Set Abinn>Uon ofhnht, t<jKUi am ) 
ATMOHEllEllIG FiirHSI’ltE Ste Almo^jJia, 

ATOM (Ato/ios, fi<im a, not, vnd Tefivav, to be cut) The finite or tbo infinite divisibility 
of niatti r, and the consegucTit e\istcnc<> oi lions \isteiic* of atoms n liii li do not admit of further 
division, have furtiishi d food fill sjieeulitioii imong many of tin loaninc iiniids iii various ages 
and eountiici But the iiigtiiious id< as of Gieck and Indian jihilo ij>h *rs, of IaIiii poets and 
Epicureans, li we had little oi nomflmnceonmodim seicnco B uou icfcis to them as “suih 
glimiisos of truth as can lie olitaiiicd by the iiitclleet li ft to its own natni.d iiiijmlses, and not 
ascending Iiy suceessne and eoiinectr d steps,” as t night by thi' iiidiictivo plnlosopliy Tho 
aiieieiit notion vv vs, thvt the iiltiiii ito elements of matter consist of ininuti., suiiplc, indivisible, 
indCHtruelililo jiarticles, which idea, being idoptcd and extended by Xcwloii, h vs li id great in- 
fluence on the jiiogrrss rd sviciice not only aim iig clicniists, but il-o among plivsicists, in found- 
ing impoi taut the ones ore Ik nor al, thcim il, md rhctric d plKnoiiiciia and dsi!^ as le.pccts ciys- 
tallographic d foim Newton’s cx]iiessums aic very remarkable ])e s.vjs, “All these things 
being considen il, it Bocnis probable to me that God, in the beginning, formed in vttei lii boliel, 
massy, hard, impeuetrablt, iiiovcabli pailiilis of such si/cs and figures, and with such other 
piopeitics, 111(1 in such propoitions to span, is niO'-t eondneed to tho end foi winch Ife formed 
tliem , and that the jiiimitivc jiartieles bi mg solids, aie incomparably haidei than any porous 
bodies coiiijiomided of thiin, evxn so veryli ml as never to vvear or bi eak in puis'i^s , no oidiuary 
power being able to divide wliat flod had m ule one in the first cieation While ’the particles 
continue eiitiie, they may eomiiosc bodies of oiu and the s iiiic n itnrc ind textme m all ages , 
blit slioiild they wen aw ly or bleak iii jmees, the iiituie of things depending oil them would 
be changed W ater and earth, composed of old w oni particles and fragments of particles, would 
not be of the Raiiic nature and textiuc now with water and earth loiiiposed of entire particles 
m the beginning Ami, then foie, that nature may Im lasting, the ihangcs of eoiporeal thmea 
are to bejdicod only m the vainms si>j) nations and new issoi lations .md motions of these ptr- 
m incut p 11 tides , compoimded bodies being ipt to bieak, not ni ^e midst of solid particles 
but wlure these partidos aic laid togethi i, and only toiuli in a few points ” ’ 

It 18 astoiiisliiiig how 1 irgely the above views liivc furnished suggestions to various subse- 
•pient thcoiics The authonty of Newton has alw lys been so great, tli»t,evon bis speculations 
have been iceeivcd as truths It is related that, on one occasion, bur Isiic and i)r Benthi'- 
met accidentally m London , and on Sirls.aac s in<iuiiing w*liati)hilo 3 nj)liical jmisnits wrre being 
caint d on at Cambridge, the doetoi roi>lud,*“None , for when you g.i a hunting, Hir Isaac 
you kill all the game , you have left ns nothing to puisue “ fdiidi of our scienee'”smee New- 
cultivated in the spirit of this lejily' Besiilts must on no account contra- 
diet Newtons jiliilosnpliy If true to nature, bo much the better, fhi^ must be tiue to 
Newton Ihis worship lias bi m reproved bv one who cannot possibly bo accused of want of 
reverence to Newton. The late ISf aster of Iniiity, refeiring to Newton’s hypothesis of ulti- 
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mAte particles, makes the following remarks — “ When wo would assert this theory, not as a 
convenient hypothesis for the expression or calculation of the laws of nature, hut as a pliiloso- 
phicail truth respecting the constitution of the universe, we hnd ourselves checked hy dillu idtics 
of reasoning which we cannot overcome, as well as by conflicting iihcnomcua w'hiili wc cannot 
reconcile ” 

The historian of the Inductive Sciences, just quoted, gives tho arguments for ami against 
■toms, and we must refer to his works any rcidcr desirous of going finthcr, into the v curious 
BpeculfltlonB We do not attempt eveu to indicate them hcic, since they belong lather to met i- 
•physics than to physics Sui h reasoning as tins was felt to be unten able, th it the projx i tu s of 
bodies depend on the attractions and rcx>ulsloiis of the particles, and their hirdiitis on *^11111 
forces, for if the hardness depend, say upon the repulsion of the iiarticles, on whit don tlic 
hardness of the partu Ics depend * The hardness and solidity of the jiai tides w( rf giicn up, 
and the theory of Uoscnvich adopted, according to wlndi matter consists not of solid p 11 tides, 
but of mere m ithematical centres , fioiii which proceed foiccs acf ordiiig to celt iiu 111 ithcm it n al 
laws, by virtue of which siuh forces hccoine at cert iiii smill distances attiaitiii, at iiitiiii 
other distances repulsive, and at gi eater distances atti active again “ h'loiii thc-'i' fon is of the 
points arise the cohesion of the parts of the same bodv, the resist uico which it cxcits against 
the pressure' of aiiuthci boily, and, finally, the atti action of giavititiou which it c\i it- ujioii 
bodies at a distance ” 

Hut the idea tint the properties of bodies elcpcncl on forces emanating fiom imiuove ible 
points of their mass, eliil not escape the sag.icity of N'owtoii He sijs “iMiiiv lliiiigs iiuluic 
me to believe that the rest eif the phcnonicni. of iiatuio, as well as those rif i-,liono'nv, niiy 
elepcnel upon certain foiccs by which the- pviLiclcs of boilits, 111 viituc of i aiisi s uij y t known, 
are urged towards c ich othci, anil cohere in rigulir ligurcs, or ire muhiill\ iciidud lud ic- 
cede , anil philosophers, knowing nothing of these foiccs, haio hitherto failed in then Lsaimiuv 
tions of natuio ” 

This line of spccuUtion has been followed up with assiduity by Laplace and otheis witli "teat 
I'cnefit to the progicss of science , but, a- Whcwcli rem iiLs, ‘‘ 'I he a-siuiiption m the u i-oimig 
e. certain eeiitrus of force acting at a eli-tincc,is to lie considered as iioUiiiig nioic tli in i 
method ot reducing to calculation that view of the constitution of bodie'swhuli supjioscs tint 
they exert feiTco at every point It is a inathcinaticil iitihce of the same' kind as tlic hypti- 
tlic leal divi-iOii of a boily into infimtcsimal paits, in oielii to find its ccntie of giavity , anil no 
nioic 1 nplicb a physical icality than that liyiiothcsis ilm s ” 

There IS a lessen based on tho idea of matter consisting of sohil, hard, mdc-tiue tilde paitiih s, 
which we also ow'e> to Newton — namely, the doctnno of the pcrnianemy of 11 ituii nid the 
as-iir nice that hci laws do not alter \,ith the course of tune , foi if sutli paitielis 1 ould liii ik 
or We i"-, “ the Btiuctiirc of mate n il boeUe s now woiiltl be elilfercut fiftii that which it w is wlieii 
lliG piitie les were new ” It is further to be remaiked, tint this lesson whieh teiehis the iini- 
fomiity of the laws of nature is the major premiss in the logic of indue tioii 

Attempts have been made, but in vain, to hnd a limit to tho dinsilnlity of milter T)r 
Thomson his shown that a portion of lead which eaimot exceed the Sb8,4<)2,cx)0,oou,oexjtli of a 
cubic inch IS still visible , and Mr 'I’mnlmson has given a ealeiil ilion, based iijiuii the eju iiitily 
of soap contained in a soap bubble, Lnowu to be of less thickue-s than a 2,6oo,ex)oth of in nu h 
“ Pure watei will not hold together in this way, but the adniix.ture of less th in tlie liuiidieelth 
of its bulk of so ip 'vill confer tins property on the whole of the water Now, in onh 1 to i)ro- 
duco this effect, it is evident there must be i poitiun of soip (at least one itoin) in eiiiy eiibie 
2,6(X3,oc»th of au inch of the solution Therefore, a single atom of snip in the solid -I itc < annot 
possibly occupy so much as the hundieth of a cubic 2,0oo,oootli of an iiieli — tliat is, not so 
much as a 1,757 tnllionth (i,757,ooo,000,ocxi,<xx>,000,oooth) of a cnlue inch ” 

The V lew taken of tlic teim atom in modern chemiKtry will bo found under AhuiiK. T/cfori/, 

Atomti Uj/, 

ATOMIC HKAT Eejual w eights of ehffercnt bothes reeiuire different airiounts of heat to 
raise them thiough the binie number of elegiecs of temjier.itiire Heo SpCdlK Heat 
TJius to raise a pounel of iron from 32'’ to 33“ riH^juircs O 1 1379 of a unit of he it, wink' only 
00324 of a unit i-f r’eqiiireel to raise the temper iture eif i jiouiid of plitiiiiiin by the same 
anioant Tint Ilulong anil E’^jtit’m 1819 maelc the leiiiukalilc obseiv ilimi witli legiid te> 
elementary substances, that, if instead of usuig equal weights of the budie s, ejii.iiititn s in pro- 
portion to their atomic weights are employed, mil the amounts of heat leipiirid to larse tlieso 
quantities through one ell gree of temperature are deteiiiiined, they wall be found to he eitlier 
identical or to bear a veiy siinjile iiumeneal lelation to each other Tlitis 5O and 197 are 
respeetuely the itomie weights of non and platinum, tho amount of he it itqmied to j.use 56 
pouncL. of iron through 1° Pali is 56 x o 1 138 or 6 3728, while that requiied to raise ufj pounds 
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of platimim through, i° is 197 x 00324 or 63828 llLgtiauU calls the number got by multi- 
plying together those which express the itoniK weight and spccihc ht it of a body its Atomic 
Heat This number represents, of com st, the quantity of heat icqiiued to i.use the so-called 
atom through one dcgico of tempi 1 at uie The following tible shows the speeilic heat, the 
atomic. weight, and the atomic he it of 1 number of the elements — 
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li'roin this tihh it .qui^ IIS th it the 1 iw of Diiloiig and Pi tit holdi .i])pi o\mi.itelyr The 
divereiiKe fioni it is u eoiiiited foi by the f ut th it iluinig the deti innii iti.in of the sjiteihi heat 
all the ell iiu ills \ii n not in the s uiie jilijsii il stitc as to aggregation, disLaiiee from the melting 
point, and so foi ^h , is it 13 well known tli it a dilleicuee in state iuali.i 3 a \eiy great dilfcicnee 
in the spi ilfll lie it of tho body 

This law with legaiil to the atomic beat of bodii s is of great imiioitance, as it gives us the 
means of aiding om jiiilgment m deleinuiiiiig then atomic weights from the ii suits of analysis 
Thus it li IS fieipii iitlj ]i ij>|)eiud til it nin 1 1 1 iinty iMsts as to whethei a ceit iiH inimbei or its 
double is the ituuiie Wei ilit of a giieii body, and the decision betw ecu the two is in ide by 
nuiltijilj iiig till iiiiinbor by the siiei ilii hi it of the body ind compiling the lesult with the 
niunhiis whiili i\piiss the itoinie he its of olhei siiinlai bodies 

hiiiiniinn mil llegu lult ileteiiiniied tin itoii le beat of many cnnipi'uiid bodies and came to 
the ( OIK liiMontli it //tifhrs fj/" timilii) chtutu at iom)M>-otum liuie 'iinuttn otnniu /luil-t, the atonne heat 
of one elisH of compounds may, liowtvii , thlb 1 fiom that of aiiotbei el i--- I'm irist inr e, liegnaiilt 
sliowoil by eiglit ei. iiiiples til it the itoinii In its of llie bi ililoiides (sin as elilolide of baiium, 
15 a I'lj, elilmide of /mt, i^ii f’lj,) aie all \ii\ .ipi>ii>\iinately iS O5 , .11^ by foni exaiuiilcs, that 
ill the' caibonates, sneh is c iibon ite of c^leii'in, C i C 0 _,, iiirbunate of barium, 15 a O O^, it varies 
but little fioni the uiinlbti 21 60 

A'l'l ) \I 11 : ITY An atom, in mo Icm ebemistiy, is icgariled aa the Bms]li,st ]iortion of matter 
that e in exist in tombm itioii such u TI = I , while a moltLiili is the smallest <iumiti 1 y of matter 
that ein subsist liy itself, and this is supiiosLil to eonlain tw i> atoms, as II II — 2* In this 
way the free molecules of the elemeiitaiy g ises aie analogous in structure to hydro chloric acid, 
in which a single iitoiu of hyiliogeri 13 united to a single atom of cliloiinc, foiniing two volumes 
of liydio-chloiie acid gas In like manner, water m thd form of vapour, (or uata (/as, as 
llofmanii terms it), consists of two atoms of hy liogcn united to one of snxygen, the t^eo 

* Inthcciscsof pho'i'homs and Aisenlum the ultimate molecule contains foiii atoms, and In those of 
cadmium aud mercurv lUe muleculc contains a single atom ouly 
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Tolumes being condensed into two So also m the case of animomat il gis, tlucc atoms of 
hydrogen are m union with one of nitrogen, the four volumes being coinlLiised into two , ind 
lastly,* in marsh gas four atoms of hydrogen arein muon with one of carbon, the hvo atoms litin"’ 
condensed into two 

The atomic symbols as well as the molecular are referred to the standaid atom TI — i P.nt 
there is a distinction between the malcnde /mmiw) ciinivalciit of the clcnn nts, or th^*)iio|n)i tio’i>, 
by weight m which they can replace each other, and the ntoin ftciii'j ctunv.ilchts, or thi- pioiioi 
tions in winch the elementary atoms replace each other m ii\ing a stand iid atom Tlie ciilioii 
molecule, for example, — 12, but its atom fixmg weight = '5 , hinee in tlie m'lr^ll ^as molenile, 
12 parts of C fix 4 atoms of H, so that each alum of J 1 is tised by puts liv wn^ht of 

C So also in immonii N fixes •} K and *,* = 4 66 is the atom fixing inininmm of X Agon, 
in watoi HjO = 8, the atom fixing minimum of O , but Cl m HCl fixes only i atom of II, 
and tile atomic weight of 01 35 5 docs not m such case admit of subdivision 

In this way we may assign to each clement two numbers, (i ) its niiniimiin \m iglit with 
respect to the foimation of a molecule , (2 ) its minimum weight with lespeet to the (1 ^iiig of an 
atom But to avonl the complexity likely to aiisc fioiii the use of tins double system, it is 
custom iry m tloracntary books to attach to ca<h symbol a number 111 Boman letteis, 01 smijily 
one or more daslies to iiRlieale how m vny standard atoms the wi ight ri fi ireil to is 1 i]j ible of 
satisfying 'Tima we wiito C 1 ‘, O", Is"*, C”, 01 Cl', O", N", C"" 'J'his itom lixim, powci is 
termed atomicity, and the elements arc arranged m gioups of monnih, i,e I’lofisMu 

Hofmann uses the word quant iiahncc to express atomiiity and unii/tlcnt, bunltnt, liiinUnt and 
quniliini’ Ilf to express monitlomtc, diatomic, hudonut, aiul Uhalomu 

ATO ’'IK ' 'I'H KOilY Tins term is apphed to three gi iiid 1 iws which fonn tll^ found i 1 ion 
.'film al sen lice, and aie known is (l ) the law of c/c/f/idcjiroportions , (2 ) tin \i\\ of iiiiiHii>lv 
piopoitioiis , ind ( { ) the law of ahmnt oi eqniialuit pioportions Ji not disroicicd, tli v wuc 
hist bio edit into tho light of uUellectual day by Hilton By the liw of defmiti inoiioitions 
tin iiatnn ami propoitums of the eiwstituent elements m eveiy eheiioi i1 eongioiiiid iieiUliiiile 
Mid invaiiablc For example, a piece of chalk, 01 leelaml spir, 01 iii\ other of the minn loi's 
*aiieties of ( irhonate of liiiio, however much they may dillei 111 foiin ml othei plivsiial ])ni])ei- 
ties, havo Ihe same eheiiiK al composition w'heievi r met with Thatis,e\ti\ eiiboiuti of liiiio 
(01 c lino oarboiiatc, as it is now called) contains iti 100 jiarts 56 of lime (01 oxidi of cihiiiiii 
I'lO) ind 44 of cirbome lenl (or eaiboino anliydinh , CDj according to moii rnuit noiiun- 
cl luu ) Tho limo and the oaibonic acid aie t< iiiK d the pjouaKdcelcmeiits of o,il( 11 ciiboiiili 
Tl t , Imit of further separatum into thou nltimnli elements, namely, the hiiii into tiu met d 
caleu'iii and oxyeren gas, and the cubomc anbydiidt into carbon ind coygiu g i-. And of 
couise, the liri’e iml tlic eaiboiiic uihydiule lie is uii ilti r ibh in tlnifeomposi! ion e the e deie 
e arboii itr, or a ly other true eheimeal eoiiniouiid 'llie liiin contains 71 4 } pi i niit of 1 ikiiiin, 
and 28 57 per cent of oxy^g'en , while the eiiibotiie iiihydinle contains 37 2Spei cent of cat him, 
and 72 72 per cent of oxygen 

Aei Hiding to the law of multiple propoitions, when one clcnn nt B iiniti s with iiiotlii r 
cknii-m; A 111 more proportions than one, the quantity of B mereases in multiples, 01 in soine 
other similar mode, sueli as — 

A+ B , A-t-aB, A+3B, A + 4B , and so on. 

Oi,2A + 3l!, 2A+5B, 2A4-7B, and so on 
Cr, A + B , A -I- 3 B , A + 5 B , mil so 011 

For example, nitrogm and oxyg-cn combine to foira five chemical compounds, 111 all of winch 
tho proportion of nitiogen remains constant, but that of oxygiii is i loiist.intly iiuieising 
nniltijile of its atomic w*eight In the following t ible the fiist i ohiniii i out mis tin n lines of tho 
Ceiinpoimd'. m qucbtion, the second the projiortious of oxy'geii, and the thud those of nitrogen — 
Nitrous oxide, 28 Pci oxide of nitrogen, 64(16x4) 28 

Nitrie oxide, 32(16x2) 28 Nitnc anhyeliadc, 80(16x5) 28 

Nitrous aiiliydnde, 48(16x3) 28 

Tf wc take tho perc(,i*bagea of tho constituents of tho above compounds, the abovi* numbers 
•will be obtajaed tli each ease by mevu^ of a simple proportion 'I'he first eohnini of the follow- 
ing- table eont ims the symbols of the aboae-n.ained compounds, thi seiond tlie percent igi s of 
0X1 gen , tlffe third, those of nitiogcn , tho fouitb, the equivalent weights of oxygen , and tha 
iifth, those of nitiogen — * 


NjO 3636 
N.O.) , t 
Or, N' o' ) 53 33 
6313 


63 64 16 * 28 

46 67 32 28 

36 85 48 28 


Or,N'o‘h*-^S^ 3044 64 28 

NjOj 7407 2593 80 28 
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The third law, or the law of atomic, or equivalent proportions, is this — That each element, 
m combining with other elements, or in displacing other elements from combination, does so in 
a fixed proportion, which may be stated numerically For example, if a shp of copper be’intro- 
duced into a solution of mercuric chloride, portions of the two metals change places, amce 
chloride has a stronger affinity for copper than for mcrcuiy , cupric chlonde is formed, and 
mercury deposited For every 31 7 parts by weight of copper dissolved, 100 of mercury aro 
separated So also, if into a solution of cupno chlonde a stnp of zinc be immersed, copper is 
separated For every 317 parts by weight ot copper thrown down, 32 5 parts of zinc will enter 
into solution If a rod of zinc be immersed in dilute hydrochloric acid, hydrogen will be 
liberated , and for every 32 5 parts by weight of zinc dissolved, i part by weight of hydrogen 
gas will be set free 

By experiments of this kind it has been shown that different hut definite weights of the 
vanous metals are capable of disiilacing each other From the above examples it appeals that 
100 parts by weight of meremy, 31 7 of copper, 32 5 of zinc, and I of hydrogen, aie each m a 
condition to supply the place of the other in combination, with 35 5 P^irts of chlorine These 
various weights are said to be chemically eqimalent to each other, and numbers thus obtamed 
are the coinluniny proportions of the elements But for the convenience of comparison, one 
element is chosen as the unit or standard fiuch^ unit is kifdtoym, because it enters into com- 
bination. with a lower equivalent weight than any other clement. 

Bodies then are s.ud to be cqunalenl when they can be substituted for each other in combina- 
tion, as 111 the above examples But there aie many compounds in which such a substitution is 
not possible, m such a ease, the numbtrs attached to the elements represent, not properly 
equnalent'i, kut comlnimiq pi oportions (Hce Atomic Win/lit, Alomitily) Under the last named 
heading, the atomjixin'j power of an element is explained There la ilso ( is we have seen above) 
an atom-displaiinij function As ni iny atoime umts as an elementary Atom can hx in j. compound 
molecule it can, uiidtT proper conditions* displace 'J'hus, i part by weight of hydrogen in com- 
bination with 127 jurts of iodine, fonns 12b parts of liydriodie acid In such a tompound, 
tho 127 parts of iodine may be icpUcod by 80 of bromine, or by 35 5 parts of clilormo Now, 
when the i 127, tho Br 80, and tlie C'l 35 5 arc said to be equivalent to each other in chemical 
combination, the expression can only bo allowed so long as those number'- rcjircsciit the respec- 
tive atomic weights of those elements In this example tho resulting compounds lesemble each 
other m structure as they resemble tho original compound of 11 and I , and it may not be 
improper to < misidcr the atoms of I, Bi, and Cl as e<iuivalents, and also equivalent to an atom of 
H, although the respective xveights are quite ditferciit 

A'l’tJJVllU VOLUME Supiiosing the atoms of the elements to be identical in point of 
magnitude, then the spec^ic giavitics of simple solids xvould be in tbe same proportion as their 
atomic weights This theory h<is led to the diseoveiy of many mterestmg rrlations between the 
dcnhity of bodies and their atomic weights , but the siiiiject is of too techmcal a nature to bo 
exhibited xvitlim tlic coiiijiass of a few lines 111 a ihetionary The method of calculating the 
atomic weiglits (also tailed Volume) of any substance, simple or compound, is to divide 

its atomic weight by its sjiteihe gravity Tlus gives the atomie volume or space occupied by 
the aggregates of atoms, as well as the interstitial spaces, the weight of the volume beuig pro- 
portional to the atomic weight of the body 

By the Atomic Theory, tho atomic weight or its multiple shows tho iiroportions m which ono 
body comhincs with another by weight , so the atomic volume or ita multiple shows the propor- 
tions 111 winch one body will unite with another liody by volume 'i’ake an example from 
Watt’s Dictionary of (Jhemistry, where subjects of this kind are treated with groat power 
The atoiiiie \ oluiue of iodine la thus found — 127 is the atomic weight, and 4 95 the specific 
gravity, then = 25 7 the atomic volume , while in the case of silver, ^'1’ — lo 2 the atobiio 
volume of silver, whence it is inferred that 25 7 volumes of iodine uijitc with 102 volumes of 
silver to fonn iodide of silver Ag I ^ 

ATOMIC WEIGHT In contriving the Atomic Theory, Dalton supposed each element to 
consist of indivisible atoms (Atom), and that eomjiounds were fomicd by the union of two or 
three or more of such atoms, which naturally leads to defimte and multiple proportions But the 
assuinptioii on w Inch the atomic them y rests, although a usefjil instniment 111 the-purjijit of know- 
leilge, is not knowledge, for knowledge is {l \ the bdief, (2 ) in what is ti ue, (3 ) on sufficient 
grounds But the grounds are not sniheieiit to justify the position that the elements are com- 
posed of iiulinsible atoms The chemical evidence foi such a stSitemeiit is wonting , for although 
the assumption that indivisible jxartK Its, so minute as to felude observation, combine particle with 
jiartielc, cxjilam the phenomena, the assumption of pai tides in this proportion, and not 
mdivisible, also do the same 
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It must not, therefore, bo insisted on, that the number attached to each clement expresses 
the weight of its atom as compared with hydrogen, the least ponderous of all the simple bodies 
Nevertheless, while Dalton's great discovery of the atomic theoiy was admitted by every philo- 
sophical chemist, the doctrine of atoms was by no means passed with a unanimous vote It v as 
proposed by Davy to bridge over the difficulty raised as to atoms by the term jjropot titm or pro- 
portional This proposal was more or less adopted, and the woid atom gradually came to bo 
used in a sense that expressed no opinion as to the weight of the ultimate particlO of “any one of 
the elements, but it rather implied the smallest combining proportion of a body, and tliat, not in 
the sense of indivisibility, since half an atom is frequently referred to The retention of the 
word Oitom has in this way led to no confusion, since it is now admitted that the proportional 
number attached to each element is an unexplained piopeity of mattci The symbol attached 
to each element expresses out atomic proportion of the clement m question , Cl being r(|iial to 
35 5*parts by we^lit of chloiine as compared with hydrogen , N eqiiil to 14 parts by iv« igbt of 
nitrogen , Na to 23 of sodium, and so on Compounds are expressed by groups of sjinljols , 
NaCl (or common salt) shows that 23 parts of sodium umte with 35 5 of chlotiiie , while 
AsClj shows that 1 pioportional of arseiuum =- 75, combines with 3 proportionals of cliloriiie, 
= 105 5, the atomic weight of the compouud bung the bum of the atomic weights of the coii- 
tituents , 

ATitOPINE The active principle of the deadly nightshade (Atiopn Belladonna) Tt is 
an organic alkaloid It crystallises m thin colourless needles, reidily soluble in alcohol, 
slightly BO m water Its taste is very bitter, and it is highly poisonous Atiopme forms ciys- 
tallibahle salts with acids 

ATTllACTION {Atlracho, from ad, to, and traho, to draw ) The tcndcJicy of certain 
bodies to approach one another Attraction is of two kinds, cither taking place botwien 
bodicb at an appreciable distance, or between particles at an inappi enable distance Crivita- 
tion 13 of the former kind, the molecular attractions of cohesion, magnetism, electricity, of the 
latter The mathematical investigation of these laws forms a branch of applied matheiu itiis, 
termed the Calculus of Attraction, which may be said to have been founded by Newton In 
llie aVt/icipw the following propositions are proved — A particle outside a spluio, whuh is 
either homogeneous, or consists of concentric spherical shells of uniform density, svill be itti uted 
m the bamt, manner as it the whole mass were collected at the centie of the sjihere A jui litlo 
placed vithin a homogeneous spherical shell of small thickness, will bo equally attracted in all 
dinctioui Iho propositions were evtonded to ellipsoids by Poisson The history of this 
brii'ih of me hnnics since the time of Newton will be found 111 a memoir by Ch irles, VAl- 
rarlwn dcs Elltpsoides The following may also be consulted foi the thcoiy of attiaction — 
Duhaintl's Court tie Meraniqiie, Ijionville’s loinnal de Muthtmat^ques, tom vii , Piofcssor 
Stokes’ pnpers m Cambridge and Dublin Matbeinatievl Journal, vol iv 

ATTRAC'j’TON AND JIEPULSION, JIACVETIC When two dissimilar portions of 
magnetic matter aro presented to each oth« r — that is, when north and south magiictism aro 
brought near to each other — altiattion takes place, when two Himlar portions .vie incsentcd 
rcfmlvion is exhibited The quantitative law is expressed as follows (Hco MngneUtm ) Let 
unit force be exerted between unit portions of magnetic matter, placed at unit distviiie, then 
the force between any masses m, m' placed at a dirtaiice d from each other, is found by multiply- 
ing the number m, in' together, and dividing by the square of d. If / be the forco then 

mxm' 

~ ~ a- ~ 

and if the algebraic signs ( + ) and ( — ) be prefixed to the quantities m, m', then there wall be 
repidsion or attraction between the masses according as the sign of j is positive or negative 
(Bee also Magnet, Unit Pole) 

ATTRACTION AND REPULSION, ELECTRIC Boo Elechotfatirt 
ATTRACTION AT?r 41 REPULSION, ELECTRODYNAMiC See Electrodynamics 
ATTRACTION, CHJTMICAL See Affinity 

ATT WOOD'S MACHINE A machine devised by Attwood for testing experimentally the 
laws of motion, and tli« results derived from the theory of falling bodies It consists of an up- 
• right buanu qfwally* about 6 or 7 feet high, supporting at the upper extremity a nicely con- 
structed wheel turning on a horizontal axis, and two equal weights conmeted by a fine silk 
thread, which passes over a groove in the wheel' To dimmish f notion, the axis of the larger 
V heel turns on friction wheels • The pillar is furnished ( i ) with a graduated scale of feet and 
inches, on which can be perceived thee space passed through by the weight in a given tune , (2 ) 
* ™o'^®able nng tj^rough which the weight on one side descends vheu 111 mution , (3 ) a stage 
which can be screwed to atop the weight at any time , (4 ) a small clock v ith pendulum beatmg 
seconds 
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At fiiBt, Bince the two weights are equal, they will be at rest A small moveable bar is then 
placed on one of them so as to cause it to descend The velocity of the moving weight con- 
tinues to increase until it reaches the ring , here the bar is lifted off, and the weight then 
moves onward with a uniform velocity equal to that which it had at the instant when the bar 
was retained by the ring liy making several tiaals, and hstemng to the ticking of the clock, 
while watching the space passed tliiough, the stage may be fixed so as to stop the weight 
exactly oilb s^ond after it has passed the riii'' The distance between the stage and rmg is 
then the iheasure of the velocity acquired by tlie weight and bar in falling through the height 
above the nng If the time of descent to the img be one second, then the distance betw cun stage 
and ring measures the acceleration Thus Attwood’s machine fumislics a means of causing the 
motion of a body by means of a detenuiiied pressure and cutting off the force producing motion 
at any point, at the same tune allow mg the body to continue rts motion with the velocity 
acquired Hence all the laws of motion with uuifoim acceleration may be vciifacd experi- 
mentally 'J'lie following relation is found to exist between the acceleration and the weights — 
By doubling the weight of the bar, uid keeping the larger weights the same, we doulilc the* 
aeeelcration , and always we increase the aeeeleration in proportion as we increase the weight 
of the bar If we keep the bar the same, but double the weight moved, wc dimimsh the aeeu- 
leiatioii one half , and, generally, as wc niultqily the whole weight moved, wo divide the 
acceleration Thus, the acceleration vanes directly as the picssurc, and inversely as the mass 
moved (See Lana of Motiori ) One iiuiK>rtant adv mtage secured by Attwood’s machine is, 
that we may make the acceleration as small as wc i»leasc by making the sum of the weights 
large, and their difference sullieiently small, and thus render the motion slow enough to be 
obaerveil witMnit diihculty (Heo FalUuq Hixlict ) 

AURA HTjlAITllICA (Alcctric Bieizi ) A name sometimes applied to the ciirrcnta of 
air which iiroeeed fiom i point eoimeeted with a charged body, sueli .is i needle attached to the 
pnme conductor of an clectiie iiiachiiie which is being worked Tlic existence of these currents 
of air can be evsily felt on bnuging the Ivaud or the fa< o neai to the point, or shown by jdacuig 
n lighted caudU iii front of it Tlie 11 line is piweifully lupelled, and the e indie may even be 
blown out S< vor il elcctuc toys aio coiistriietcd to t ike idi antago of the so currents 'lhu«,in 
the electric mill, a small wheel, fuiiiished with p.i]Kr waves, is turned by means of it , or a 
piece of wnc, with its points bent at light .ingles, anil balaiivcd on a point niion the i>nnio con- 
ductor, rivolves on the s.iiue iniiieijiU' is does Bilker's hydiostatic reaction wheel 

AlJRKiA In astronomy (tiu VAai /olio), one of l-’tolemy’s noithein coiistellations It 
cont.ims the bright st u 0 ipella, and is crossed by the Milky AV'ay 

AURORA liORJ'hVLlJS, oi Noitha n Lijht , or, as it is moio properly called, Pdai Lijlit, 
there being also ,\ai Auuna AnttiiiJia A vvellkuown luminous pheiioiiicnon wdueli is ilways 
acconi] lamed by poweiful instuibanees of teireslii il luagiietism .and eleetneity We extract the* 
following eveelleiit deseiijition, by Humboldt, fioin He La Rive s Treatise on I'llcctrieity, wheie 
very full dekiils on the subject iii.ay be found 

“ An Auroia Bore.di8 is always preceded by the formation in the horizon of a sort of nebular 
veil which slowly ascends to a height of 4*, G", 8"', and even to 10“ It is tow-ards the magnetic 
meridian of the place that the sky, it hist luue, eoinmcnces to get brownish 'rhrough this 
obscure segment, the colour of which pisses fiom blown to v'lolet, the st irs are seen as through 
a thick fog A wider ate, but one of bnUiint hght, at fust white, then yellow, hounds the 
daik bcgiiieiit ISometiuies the luminous aio ajiin us agititcd for entire houis by a sent of 
effervescence and by ,a eontiuual change of form befou the using of the rav's and columns of 
light which .iscend as f.ir .as to the zenith The inue intense the emission is of the polar lioht 
the nioie vivid are its colouis, which fiom violet and bluish white pass thiough all the inter- 
mediate sh.ades to gieen .mil iiuridc red Sometimes the columns of hght ippi-ai to enmo out 
of the bnlh Hit arc muighd with blackish 1 lys suiiilii to i thick smoki^ Suiiietimes they rise 
simult.incously m diffcixsnt points of the horizon , tliey unite themselv^'S into a sea of flames, the 
maguihcenee of which no painting could expicss, and at each instant rajml undulation^, cause 
their foim and bnlhancy to vary Motion appe us to inei-ease the visibility of tlie phenomenon 
Around the point in the hcav'en which corresponds to the direction of the ^dipping needle pro- 
duced, the rays .appear to assemble together and to form a Ijoieal corona. *It *M«r ai,~e that the 
appearance is so complete and is prolonged to the foimation of the coion.a, but when the latter 
appeal's it always announces the end of the phenomenon The rays then become more rare 
Blunter, .ind less vividly coloureil Shortly nothmg further is ‘seen on tho celestial vault than 
wide motionless nebulous spots pale or of an ashy colour; they have already ihsajipe.iied when 
the traces of the dark segment whence the appearance onguiated are stiUfTemaimug on the 
horuon ” 

A French Scientific Commission in 1838-9 examined the phenomenon at Bosekop, lat 70° TS, 
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and their results are published by MM Bravais and TiOttin, two of the members, m the Arch 
des Sc Phys We regret that our limits will not permit us to msert thoir dcscriptioii of this 
wonderful phenomenon os seen in northern regions It appears that the .mmra is sildoin 
wanting there , in fact, that it may be assumed to e\ist everj night but with var\ nig inti iisity 
Before the occurrence of an aurora, and after its disappearance, the magnetic needles ue 
observed to be strongly and steadily affected While it is going on sudden and i)<m<>rfid 
perturbations take place This may be beautifully seen by usftig a very light and Sm-jill iwedk, 
such as t’lat suspended in a Thomson’s galvanometer The nocdlo is kept in a stite of 
perpetual agitation , generally speaking, at each pulsation of the light it starts in one din ction 
trai ersing a space of several degrees Telegraph wires are also frequently aifeeted to such in 
extent that the sending of messages is for the tmie being impossible 

It IS thus (ertam that the phenomenon has an electric origin De La Bivo first propoundid 
the theory that it is duo to discharges of electiicity taking place through the liighly ittenu ited 
air at a distance from the earth , and to lUustiatc it he devised a beautiful experiment, in 
which the electric light in i Geissler's tube is shown to take a rotatory motion rotiml the pol of 
an electro magnet similai to the motion observed in the Aurora Bon ahs fioni-castto west Air 
Balfour Stewjrt supjioses that auroral and earth currents are secondary cum rits due to changes 
in terrestrial magnetism 

Sabine showed that there is a pciiod of greatest ficiincncy for magnetic storms and foi aurorT, 
and that tins jiciiod is coincident with that of the mixiimim appearance of the sun's spots 
AURORA BOREALIS, SPECTllUAI OE J A Angstrom has obsorv id the specti urn of 
the Aurora Borealis, and finds it to be almost niono-chioraalic, consisting of a single briglit line to 
the left of the well known gronii of calcium lines With a wnle slit traces of thpeq othei binds 
are also seen (See Po^gendorlf'a Aiuuden, May iSfiy 1 I’lofcssor Wuiloek, exainiumg the 
luroial spectrum, found it to (onsist of four grt'cn lines and one blue one Three of the giten 
hues c< inculo .vitli lines seen in the spectnun of the corona, as observed by I’lofessor Young 
during th» toial sol ir i ilqiso of August 1869 (Hoc Spcch tan ) 

AURUxM MUSIVUAI See T,n, SulpJmlcs 

J UTUMN {Auliimnv<i ) In astioiiuiuy the time occupied by the sun in jnssing from the 
autumnal equinox to the winter solstice As the earth is in x’cnhelum near the time of thu 
wintir solstice, her motion during autumn is swifter than during the two i>mcding seasons — 
spring ind Slimmer I fence the duration of astronomical autumn la less tlian one fourtli of a 
joar Its exact leinrth, it jiresent, is 89 days if> houis, and 47 minutes (Sec ) 

jVUTUMNAL ]'i(iUINOX The time at which the sun passes fiom the northern to tho 
houtlii I’l Bide of the ecpiator (Sec Eqninax, Equiiiocliit/, Liha, &c ) 

AUTUMXAL Point One of the points III which the ecliptic crosses tlie eipiator At 
this point the ecliiitic — taken in the order of tho signs — passes fi’iin noith to south of the 
equator The mint is also c died the ^jsf point <>/ Acfoci (SeeZriim) 

AVKNTURTN (iUAUTZ See 

AVOGADllO S IjAAY This law asscits that eqnvl volumes of different gases, at the same 
I'ressurc and timpcratme, contain an cquil mitnlH i of niolcciilos It was xnopounded by Signo 
Av ogadro, whose name is also well known m conncetioii with experiments on the tension of th 
V ipour of mercury tjiuto recently Professor Neumann has deduced the law m itlicm itical 
from tlie fust pnncqilt s of the mechaiueal theory of g.isos (8ce Bcitditc tier l)i ufsthat C/ui 
sthen (lesdlsdiaft ,11 6go 1869) 

AXIS, MAGNETIC, is generally defined to be tho lino joining the poles of a magnef 
As, however, tlie w ord pole is used very iiidefimtely, wc quote tho following exyd in.itory dc fiii 
tion from a iiapt-r by Sir W Thomson on the mathematical theory of m igiietisin (Phil Ma 
1851 ) “ Conceive a magnet to be supported by its centre of giavity md li ft juifeetly free 

turn round tins jioint If the body be jilaeed in a position of ccxnililu mm tlicie is a eeit cm axj 
such tint if the body boitiimed round it through any angle and bionglit to lest, it will remain 
in ecjuibbrimn If the bouy be turned through ibo” .iViout an axis perpendicular to tins, it will 
again hi in a position of equilibrium Any motion of the body whatever which is not of either 
of the kinds just described, nor compounded of the two, will bring it into a position in which it 
^will not be in eiiuililuailm ” The axis so described is railed the magnetic axis of the body 

AXiy Oir-AW ORBIT The major axis of a jilanet’a orbit is tho cipsii/ai /tne (7 v) , the 
minor axis is a line at right angles to the former through its middle jjomt 
AXIS OP CRYSTALS See Cn/stah, Oplu. Axis of 

AXIS OF LENSES The axis of a lens is a line passing through the centre of its curved 
surface or perpendicular to its plane surface 
AXIS OF A l^ANET The imaginary lino upon which the planet rotates 
AXLE (Saxon, ax, Danish and Swedish, axel ) A piece of timber or bar of iron fitted for 


insertion m the naves of wheels The axles of the wheels of ordinaiy vehicles are fixed, and the 
wheels rotate upon them , but in railway carnages the axles rotate with the wheels, and both 
form one piece The extremities of the axles project beyond the wheels and support the hehsrvaga 
of the carnage 

AX^.E, WHEEL AND See Whed and Axle 

AZ ALEINE Anothei name for Kosanilmci, the base of one of the aniline dyes See Awikne 

AZEJjFAV’AGE. a star in the coustellat on Cygnus It is now inconspicuous, but waa 
probably once a bright orb It is letterod sr* in the nomenclature of Bayer 

AZIMUTH (Arabic ) In astronomy the a/imuth of a celestial body is the angle between 
two planes, through the station of the observer, one passing through the zenith and the body, 
and the other passing through the zenith and the n9ith and south points of the honzon 
Azimuths are measured through i8o°, anil in general from the north or south point of the 
horizon, according as the north or south pole of the heavens is above the honzon 

AZIMUI’H GIUOLES The same as Verlicai Circlea, q v. 

AZIMUTH COMPASS Sec Oompois 

AZOTE See NUroyen 

AZOTIC ACID Nitnc Acid. 
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BACI 5 STROKE See Return Strol e 

B VLANCE {Udanje, having two scales , from hts, twice, and lanx, a scale or plate ) One 
of the simplest applications of mcchanual principles belonging to the first great class of machmes. 
(See MciharAtal Rowers ) It is a lever of the first kmd, the fulcrum being lx.tweeu the power 
and the weight It is commonly used to ascertain the weight of bodies in comparison with the 
stanihird units of weight The ordin ixy balance consi'ts essentially of a metallic bar or lever, 
called the beam, cither delicately suspended, or suppoited on a stand by the intervention of a 
wedge-shaped prism, technically term< d a knife edge, exactly at its middle point An mdex is 
fixed at right angles to tho beam, and made to travel over a gr.uluateil aic, bo as to show when 
the Ixiain is lionzuntal A scale-pan is suspended from each end of the lever Since the arms 
of tho balance are equal, it is plain that there cannot be equilibrium unless the weights placed 
in each scale are equal {ScoLcier) When this is the cise, the beam is iierfectly horizontal, 
and the index vortical The balance is then said to be true When the beam is horizontal with 
unequal weights, the balincc is f.ilsc Thus it is easy to test tho truth of a balance by first 
placing in tho scales weights winch appirently are equal, and then trausfcning each into the 
other scale If tho weights arc not really equal, one of them will appear heavier than tho other 
after the transfer Thorg an*, however, two methods of finding the exact weight of a body by 
means of a fiilse bilince The body may be vveigbed with standard weights in each Beale 
j^Buccessively, and the true weight is the mean proportional between the two apparent weights 
yThus, if a body ip]ii..i,rs to weigh 4 lbs in one scale, and 9 lbs m anotbei, its leal weight is 6 
’bs Or the body (placed in one scale) may be balanced by a suthcient quantity of any conve- 
Y^ient substance, sand, for instant e, so tint the beam is hoiizontal , and then rejilaeed by stou- 
j^Jard weights until the sand is balanced , the weight thus obtained is the tree one 
QljjTho requisites of a good balance arc these — (i ) It should have its beam in stable equih- 
ynuni (see Equilibnnm), for which purpise the centre of gravity of the beam and its appen- 
^lages should fall a little below the kmfc edge (2 ) Both when the scales are empty, and when 
et'qual weiglits nie placed in them, the beam should he hoiirontal and the mdex vertical , the 
ligrms, of course, being exactly ei^ual to one another (3 ) It is of great importance that the 
tj, alance should bo veiy sensitive, and ludicatc very slight inequalities in the weights The 
jnCnsibility of a balance becomes greater (a) as the length of the arms la increased, which aug- 
ments the difference in. moment about the fuhrum, due to difference of jkeight , (i) as the weight 
of the beam is diminished , for, when the beam is ilisplaced by the yjtquality of the weights, its 
own weight gives it a tendency to return to its fiist position But this displacement is less for 
a given mequahty in the weights as tlie weight of the beam ib mcreased , so that the less the 
beam weighs, the more sensitive it becomes 

A form of balance, more eunvement lor counterpoismg, bpt less exact tfian«ltacommonform,„ 
is that in which the scale-pans are placed above the beam For other balances naving unequal 
Bums, &c , see Steelyard 

BALANCE, BIFILAR, or BTFILAR AIAGNETOhlETER Fust constructed hy Sir W 
Snow Hains, and improved by Weber and Gauss, consists of a bar magnet suspended horizon- 
tally by two equal vertical fibres or wires, wluch are accurately adjuBted^BO as to divide the 
Weight of the bM equally between the.j. When the bar turns, the fibres become inchned to the 
verbcaJ, and the bar is r-used. If, then, the tension of the fibres be neglected, the meanure- 
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ment of the force tending to turn the magnet is made By companng it with the n eight of the 
bar itself In order that the doflections, which are very small, may bo read from sonic distance, 
and with very great accuracy, Weber and Gauss attached to the bar a plane mirror, and phvceil 
a scalf opposite to it, at some distance from it ITic divisions of the scale reflected in the mirror 
are reail off by means of a telescope, and by this means it is of course easy to calculati the 
angle through which the magnet has turned The pnneijile has hetn adojitcd vi lu.iguctic 
oliservatones A full doscnptioii of Sir W S Hams' balance is to bo found la the Transac-tioiis 
of the Eoyal Society for 1836 

BALAJKOJi OJ)’ ROBEKVAL A balance composed of a ]ointrd rectangle, the middle 
points of two opposite sides of which arc attached to two h^ed joints in the saiiu vi rtical hue, 
the other two opjKisite sides having tw'o e'vactly equal bars attached pcrpcndirul irly to thc'-e 
Bides at their middle points When eijual weights arc susjiciidcd fiom the .inns, they will 
always balance each other wherever may be the points of suspension The instnmicnt iv is 
deviBtll by Robcrval, a French mathematician of the seventeenth oi ntiir^, to illustr.itc the scfnimg 
paradot of equal weights balancing each other with uncijual arms The fust to give' .1 full 
explanation of the phenomenon was Poin-.ot, who applied to it the theory of couples, of which 
he was the discoverer (Sec I’oinsiot’s lilimtnts tie Mntiqur ) 

BAfiANOE, TORSION This instrument was invented and used hy M Coulnmli for the 
purjiose of invi^stigMiiug the laws of electric attraction ami repulsion, and of the distiihutioii of 
eleetncity upon the surface of a conductor It was afttriiards iinplojcd hy I'uaday m a 
slightly modified form in Ins celebrated experiments on statical electricity, and as this is the 
form in which it is now generally used wc shall so debcnhe it The exterior cise of the lustni- 
ment is a liollow cylinder of ghiss about 9 inches m duimeter an I S uielics High phiied 
with its axis vertic.al on a convenient mahog.iny plate w'hieli is furnished W’th levilhng 
BcrewB 'I'he top of the cylinder is covereil with a circular glass plvte, in the ceiitie of whuh a 
round hole is cut lu this hole is mscrteil the extremity of a gl.iss tube o 8 inclas in di.iineter 
and 16 inches high , and the upper pvrt of the tulio is eloseil with a circnl.ir mahoginj i.ip, 
the top of winch is divided into degiccs A thin bar passes dovnnvarils through the middle of 
the » *p and is c.i,pahlc of turning in its botUct, aiul it has a pointer whi< h moves over the 
grade ded circli attached to its upper end To the lower end is fastened a very fine tlue.ad of 
gLibs which passes vertically down through thetulie into the gl.ass cjhuilir And this eaiiies .1 
light arm of gl vsa or of shell lac winch swings hoii/ont illy in the glass cyhiidi r, being furnishetl 
at one e id with a light gilded ball of elder pith and at the other with ,a eouiiteriioise The 
length of il e honzoiital arm is but little less than the di.imetcr of the glass cylinder If now 
any torn be .applied to tuni this ann it is resisted by the forc'e of toisioii of tlio gl.as-, fibre hy 
which it hings, and ai cording to Hooke’s wi 11 kiiowoi I.aw, ut Unuo iir I’n, tho angle tJirongh 
which till' .imi IS turned is simply pioportion.il to the force applied Thh angle is read off on a 
scale pistcd louiid the body of the cylinder on a level with the niovc'ahle ami 1’hrough 
anothei hole cat in the coveiiiig jilate of the cylinder an electrified body c.ui be let down 
Thib IS generally .1 second gilded pith hall msulited on .i. shell lac stem and exactly simil.ir to 
the hrst, and the hole m the cover is arranged so that the pith ball ’■vlien lu its place bbvll bo 
opposite zero on. the bcalo ]ust mentioned The use of the instrument is n uhly understood 
fi om w bat lias been s,ud For if the swinging, or, as we may call it, the moveable 1 lall bo brought 
opposite zero on tho lower sc.ilc, and the Bceoml pith ball be elec ti died and introduced into its pi ice, 
on contact taking place the two balls will be similarly cloetnhcil, and will repel each other to a 
eertam distance The force with which they rejiel is ealcnlatid by observing the angle of 
torsion By now turning the bar at the top from which the glass fibre is snsjiended the distance 
IS alteted and the force of repulsion also , the amount of this rcjiuis on is again determined from 
the angle of torsion To examine the force of attraction tho iiiovcahlu hall is clei tnhed and 
then turned from zero to a cei't.ain position On intiodueing tho soeoml hall into its place 
charged with the opposite kind of eleetncity attraction takes place, the amount of which may bo 
determined in a similar way 

BALANt'E WHEEL A contrivance for producing the same regul.atmg effect in watches 
and in marme time-pieces as tlie pendulum m clocks Kince the pendulum must be fixed at 
some stationary poijjt ifl drdtr to vibrato, it cannot be used for those chronometers which are 
th w'ork wl lie afftied about either on land or at sea , and for these some reguhator is required 
■whic h will not be disarranged by a change of position Such an instrument is found in the 
balance wheel Just beneath this wheel a very fine steel spring, much smaller th.in the mam* 
spring, IS attached by one end to tHe central part of it, and by the other to somo suitable point 
near the run of the wheel When the spring is drawn aside it tends to return to its normal 
form, and by the velqpity acquired in this recoil it passes to an equal distance on the opposite 
■ide of its onginal position Thus its oscillations become isochronous for reasons aualagouB to 
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those in the case of the pendulum The balance-wheel is connected with the general system of 
wheel work in the watch, and is therefore moved from rest by the mamspiing (an escapement 
wheel being interposed) Consequently its isochronous oscillations are produced at the samo 
time as the other movements, and so regulate the motion of the whole system of wheel work 
(See Ho/ralogy, Peiululum, Jsocht ontsm ) 

BA'LL AND SOCKET {SocLet, jji opening into which anything is fitted , diminutive *f 
goclc — a^o^ existing in all the langii.tges of Wi^tm Europe, denoting a covering for the foot, 
especially hU aoeruB, the low-heeled shoe worn by comic actors, in contrast to the huskin worn 
in tragedy ) A description of joint used for connecting parts of machinery so as to allow one of 
the parts to move in any (hrection The connected parts are usually two rods, one of which 
has a solid spherical mctalhc hall attached to its extremity, and the other a hollow sphere or 
socLet , tile internal diameter of the socket bemg exactly equal to the external diameter of the 
ball, so that the latter exactly fits the former The socket is not complete, but consists of so 
much of the sphere as is ncceasaiy to prevent the ball from bemg pulled out of it * (See 
Joint ) 

BALLISTIC PENDULUM (Bobm’s) (Ballistu/ne, pertaining to projectiles , pdWeiv, to 
throw ) lias w a machine used to ascertain the velocity with which a shot lo^ives the mouth of 
a cannon In its simplest form it consists of a l.u’ge block of wood suspended from a Knife edge 
in front of the mouth of the cannon, having some means of measuring the angle through which 
the beam oscillates The wood is plated on the outer aide with iron When the shot is fired 
into the mass it lodges there, and causes it to move through a certain angle When the magni- 
tude of this angle is known, together with the centres of suspension and oscillation of the mass, 
the velocity of the shot can be detenmned by calculation 

BALLOON {Jiatlim, a little lull ) A mKhiiio which, filled either ivith heated air, or with 
gas specifically lighter than the atmosphere, can float in the air, sujqiorting at the same time a 
greatei or loss weight 

Montgolfier made the first balloon in 1783 It was a fire -balloon — tbit is, the air within 
it was hoatofl and so rarefied Eire balloon, are too unsafe, however, to be trusted by aero- 
nauts, and the common prutica now is to employ a light gas (carbnrettod hydrogen) The 
balloon IS only partially filled, because, as it list's, and the pressure of the uir diminishes, it 
would burst had it been actually filled at a lowei level 

For the history of ballooning, the reader is refeired to Hatton Tumor s Akira Cash a 

llecontly Mr Claislicr has made scvcial ascents in Mr Coxwell’s balloon, for the puipose of 
ii-vostigatiiig the condition of the upper regions of the air Jfe has in tins way been enabled 
to add import iiitly to nni kiiowlodgo of the laivs which regulate’ the temiioraturc of the air at 
diffeicnt levels, besides obtaining an insight into the characteristics of the various urdeis of 
clouds, which no ainouiR of study by obsei vers at the earth’s surface could possibly have seeaired 
One of bis ast tilts with Mr Coxwell vvis specially rt markable, as indie.it' ng the extreme hnuts 
of height to vvhuh men can Lojie to attain In tlus ascent, when the balloon had attained a 
height of in .ail V fi miles, hlr fjlaisher became mscnsible Mr Uoxwell, after endeavouring to 
rouse Ml tJlaisliei, found that ho w.is himself losmg his strength Indeed, he was unable to 
use his liiinls, iiul had lie not Bueoueded in i>iilliiig the valve stung with Ins teeth, he .and ins 
companion must mevit ibly have periMlicd The height attained before the Btnng w<a3 jiulled, 
would seem, fiom an obseivation made by Mr Coxwell, to have been about 6^ miks At this 
time the tempeiatuie was iz degrees below mro, and the neck of tlic htilloou was covered with 
lio ir fiost 

It IS wortli noticing, liowevcr, that, although it would seem from this experience that no one 
accustomed to breatlie the air .it onhu.aiy levels can liojic to attain a gn ater hiight than 64 
miles. It IS not impossible that those who pass their lives at a gieat height, as the inhabitants of 
Potosi, Bogota, and Qmto, might s ifely ascend to a far grc.ater height We know that Do 
Sausfiure was unable to eoiisiilt liis instruments when he vv is at no lyghei level th.in these towns 
and th.it even his guides fainted in trying to dig a Rniall hole in thte Rnow , whereas the mhabi- 
t.ants of the towns thus exceptionally placed, are able to mulorgo violent exercise We may 
as.sume, then fore, that their powers arc exceptionally suited to oUch voyages as those m which 
Glawlicr and Coxwell so nearly 1< .t their lives ■ < 

BARIUM (/Sapifj, heavy ) Tl.e metallic b.a&is of the earth baiyta,which''JaiA»r body was first 
.recognised os a distinct substance by Scheele in 1774, the mefal bemg obt.iined by Davy m 1808 
Its symlhil IS Bi^ and atomic weight 68 5 It is of a eilver-whitc colour, rapidly oxidismg m the 
mi TJic most important compounds are as follows —Oxide' of larmm or haiyta (Ba^O), pre- 
pared hy ignitmg nitrate of banum (See Niiiates) It is a greyish- white friable m^s of 
Bpeeifio gravity 5 54, soluble in w iter, forming a strongly alkahne solutiqn Sprinkled with a 
BmaJl quantity of water, it fonns a w^te hydrate, with great evolution of heat and expansion 
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of volume , its formula is BallO , when dissolved in water and crystallised, it separates in 
transparent colourless pnsms, which contain four atoms of water 

Pn-WEsde of Barium (BaO), a gray powder formed when baryta is heated to dull redness in air, 
or oxygen At a strong red heat it gives up this additional quantity of oxygen, and hence has 
been proposed by Boussingault as a means of extracting oxygen from the air Per oxide «,f 
banum is slightly soluble m cold water, it is readily decomposed ivith evolution of tlie’ cxtia 
equivale it of oxygen • 

CMonile of Bat lum (BaCl), forms transparent colourless tabular crystals which contain water 
It dissolves readily in water, slightly so in strong acids, and is almost insoluble in alcohol 
Por other salts of banum, see the respective acids 

Barium compounds heated before the blow pipe communicate a beautiful green colour to the 
flame (See C^ut ed Flames ) 

BABKER'S MILL , or, Segner'a Wlied Smee every equal unit of surface of a vessel full of 
watei is subject to a pressure pioportional to the depth of the unit below the smface (see 
Pressure thtourjh Lun'idt, also Latetal Pressure of Liquid's), every unit of surf icc at the same 
depth 18 equally pushed outwards For tiach such pressure on one side of the vessel there is an 
equal and opposite pressure on the other, whereby the whole vessel is kept in et|uilibnuia. If 
one such unit of area bo removed — that is, if a hole be cut in the side of a vessel of water — tho 
water in flowing out will no longer be able to press upon the surface which has been r* moved, 
but will nevertheless continue to press with equal force on tho opposite unit of area 'J'ho con- 
sequence will bo that the vessel will be urged m the direction opposite to that in which the 
water flows out Barker’s Mill in its simplest form consists of a j,-sbapcd tube', the stem of 
which 13 vertical, and tho crohs-piccc dowTiwards The ends of the crObs-pieco arc closed, the 
end of the vertical tube is open The whole is supported on a pivot at the joint whiro tho 
two tubes meet one another If such a tube bo filled with water, it will remain at rest If, 
howei'er, openings be made, one on one side of one Imib of the lower tube, and tho othei on the 
rpjiosite side of me other limb, water will flow out of both of these openings, ami the corres- 
ponding prchsuics on the other sides of the two lunbs wall cevso to bo coimteibal meed Being 
01 ojipositi bides of the pivot, and on opposite sides of the tube, they will assist one another m 
tunung tho whole instrument round on the piv'ot This motion is continuous, provided tho 
ojien upright tube bo continually supplied with watei By iiu reusing tho number of cross tubes 
belov' , and lia mg numerous holes in one sense in all of them, the total elfeet may be greatly 
ii'cn ijcd, as also by mcrcabiiig the height of tl o upright tube, and thereby tho pressure of the 
wat* ’• A practical objection arises from the groat loss by fuction when a long heavy tube of 
witci rests on the jnvot To remove this the water is sometimes, and with advantage, intro- 
duced from below 

BAllOML''J'ER {^dpos, weight, and fUrpov, measure ) An instalment invented in 1643 
by Torncc’li, for measuiuig the pressure of the air , one of the best known, as it is one of the 
most important of the seientihc instruments used in our day Tlie cspciimcnt by which 
Tomcelh established the piincijile of the baioineter may be thus desenbed — 

If a glass tube about 33 inches long be fillef with meicury, and the ojw'n enil plunged into a 
vcssi 1 of that metal, the column of mercury will be seen to sink till its surface is about 30 inches 
above the surface of the mercury in the ojicn vessel The pressure of the air on tho latter sur- 
f we now balances the weight of the mcrcunvl column For tins column is kept 111 equilibrium 
by two forces only, i^a weight acting downwards, and the upward pressure exerted by that part 
of the mercury winch lies in the tube on the same level as the surface 111 tho bowl, and this 
latter pressure by the principles of hydro->t itics is tho same as the piessino on any equivalent 
portion of the exposed surface of the mercury Thus the height of the supported column affords 
a mcasuie of the pressure exerted by the atinospbcie 

All mcicurial baromct'’rs are constructed with the object of measuring this s’lpported column 
of mercury There are tvve principal varieties — cistern barometers and siphon hntomclua 

In the cistern barometer the Ton icellian experiment is smijily reproduced The object chiefly 
aimed at in all varieties of this instrument is the exact estimation of small changes m the height 
of the mercurial column.' If the cistern be of a considerable cross section (horizontally) the fall 
*ot the column iiYtno tube does not consider vbly affect the level of the free surface Still the 
change of level has to be taken into account in observations where exactness is rcipnred It is 
obvious that the height of the column of mercury must be measured from the level of the free 
surface at the moment of observation, so that a fixed scale wotdd be useless for exact measure- 
ment, unless its divisions wore so markbd as not to represent true inches and aliquot parts of an 
mch, but the rise and fall of the barometric column in absolute height above tho free surface 
Thus, suppose the column 30 inches high, and that it seems to fall one inch (measuring the fall 
by any ordinary role, for mstance), then the mercury m the cistern has been mcreased in 
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quantity and ao has nsen by a certain dmall amount, and therefore the real faU ■£ the mercury 
has been less than one inch On the other hand, if the mercurial column had seemed to rise one 
inch, the real nse would have been mure than one inch, for the free surface would have^fallen 
Hence, if a ii&ed scale ih used, without any contrivance for bringing the free surface to a fixed 
level, the so-called mch divisions must be greater than an inch below the division for which tho 
free surface has its mean level, and less than an mch above that division Another method is 
to have a siidmg scale, whose vero can bo brought to the level of the mercury in the cistern 
But a more convenient plan (though the same iii principle) is one by which the level of the free 
surface of tho nvercury can be brought to coincidence with the zero of a fixed scale In Fortin s 
contrivance for this purpose, the ci-item is enclosed within a brass box, the sides of the cistern 
being of boxwood, its bottom of flexible leather A ucrew which works through the bottom of 
the brass box against the leather bottom of the cistern, enables the observer rcachly to shift the 
level of the mercury m the cistern A float carrying an intlcx point, which must be brought 
opposite a fixed point on the scale, servos to show when the adjustment is comjdcte , or an ivory 
needle is attached to the scale, with its jiomt so pldced as to he on a level svith the zero point, 
and the mercury in the cistern is raised or lowered until the image of the needle’s point coincides 
with tho pomt itself 

In Athu's travelling barometer the first of the three methods described above is employed, and 
to prevent tho risk of breakage from tho motion of the mercury within the tubes in carnage, the 
tube IS narrowed along a part of its length In the marine barometer a similar plan is adojited, 
but the tube is narrowed through the greater jiail of its length In this form also, an air- 
chamber is formed at one part of the tube, so that air-buhblcs accidentally introduced into the 
tube may he prevented from reaz-hing the Tomcellian vacuum, or from alfectmg the apiiarent 
length of the mercurial column 

In siphon barometers there is no cistern, tho tube being simply turned upwanls at the lower 
end A graduated scale is so placed as to indicate the height of the merciuy in each limb above 
a fixed zero The difference of readings gives tho height of the mercurial column above the 
exposed surface The actual \arution of the upper as well ns of the lower surface of the 
jnoroury is but one half the variation m tho height of the barometiic eoluiim, for the latter 
variation is, in thi« form of the barometer, obtained by equal motions of nsec it or descent in 
one tube, and of descent or ascent in the other 

In tho ivliiel barometei a tliread attached to a float on tho free surface of the morenry of a 
siphon barometer, passes over a pully and bears at the other end a weight almost exactly 
counterpoising the weight of the float An index on tho axle of the pulhy is moved across an 
arc on the face of a dial, as the float nscs or falls This arrangement was invented by Dr 
Hooke Though very suitable for an ordinary weather glass, this form has no Ecientific value 
The thread varies in lei^th with changes in tho moisture of the air, and the friction of the 
different parts of tho insirumeut acts imcert iinly 

Contnvances have been employed for increafcmg the range of barometric oseiUations , but 
scientific men prefer to trust to the apphcation of carefully divided scales 

Corrections — Four corrections have to be applied to the barometer, used as a metcrcological 
mstrument at a faxed station 

The first is the correction for the height of the station above tho sea level, and is calculable 
by tho ordinary rules applicable to the estimation of heights by means of the barometer 

ThI second depends on the circumstance that the surface of mercury m a narrow tube is not 
plane, but convex The following table exhibits “the correction for capillaiity” (as this 
correction is called) for tubes of cliffcrcut diameter. It is taken from the Encyclopedia 
Bntannica, Art “ Capillary Action ’’ — 


Diameter of Tube Depression Diameter of Tube Depression 

Inches Indies Inelies Indies 

'lo 1403 40 . ■ 0153 

•15 0S63 45 0112 

20 0581 *50 0083 

•25 0407 55 0044 

30 0'’92 60 ^ 0023 

35 0211 ' 65 0012 

It will he seen how largely the increase of tte tube’s diameter tends to diminish the correction 


for capillarity. • 

In the siphon barometer there is theoretically no correction for capillanty, as the correction 
for tho surface m the open hmb is equal to the correction for the surface in tho closed hmb, so 
xliat m taking the difference both oorrections disappear This advantage is m great part 
counterbalanced, however, by the effect of the air in fouling the mercury in the open limb. 
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Thirdly, there la the correction for temperature It depends on the expansion of the mercury 
and of the scale of divisions But the latter expansion may commonly bo iie<;lectt,d I'lio ex- 
pansion of the mercury maybe assumed to be approximately one ten-thousandtli part of its bulk 
for each degree Fahrenheit Hence, for reducing the observed height of the mercurial column 
to that which it would have were the temperature that of the freezing point, we have the lule — 

“ Deduct the ten-thousandth part of the observed height for each degree of Fahrenheit above 32° 
Fouithly, for certain applications of the barometer it is necessary to make a correction for the 
annual an 1 diurnal range in the variation of atmospheric pressure (see Atmosphere), in order 
to determine how much the height exceeds or falls short of the estimated mean for the hour and 
date of observation 

Employment of the Barometer — The barometer is employed in many important deportments of 
science The astronomer employs the barometer to determine the amount of correction lie is to 
apply for atmospheric refraction In geodesy, for a simdar reason, the barometer is an impor- 
tant auxibary In many chemical researches its Use cannot be dispensed with Its use m the 
measurement of heights need not hero be considered 

As a means of prognosticating the weather the barometer is of great utility, especially at sea 
But its value for this purpose depends largely on the intelligent combination of its indications 
inth those of other instruments (See Wiathet Prediction ) 

BAROMETER, ANEROID (a, without , and pij/)6s, moisture ) The mercunal barometer 
necessitites an instrument of at least 32 inches m len^h In the aneroid liarometer, 01 baro- 
meter without lujuid, this inconvi nicnce is overcome In such barometers, the atmosphenc 
pressure is held in equilibrium by an elastic metallic sjiring A metallic box, having one 
flexible side, is completely exhausted of air, and sealed 'J'he elasticity of this side »f the box, 
and thv, atmospheric pressure thereon, keep one another in equilibrium The short all— of a 
lever is kejit continuaLy pressed upon the elastic side, and the other arm works an index smiilar 
to that of thr weather glass When the atmospheric pressure inci eases, the box is partly 
crushed 111 , when it diminishes, the elastic side recovers its shape, and the index moves m the 
opposite chroction 

‘ mietimts a box of elastic metal, in the shape of a horse-shoe, is employed One end of this 
being fixed, elio general curvature of the box la affected by the atmospheric pressure, and the 
coiisupiciit motion la exhibited at its niaximum at the other (or free) end, which, as in tlie for- 
mei c so, is connected by a lever with a moveable mdex Though very convenient, ami, for 
abort u'torv.i’s of time, quite trustworthy, the aneroid barometer, of whatever form, leipnrts 
fiequtiit comparison and correction from a standard mercurial barometer, because the metal 
“ sets ’ on account of its imperfect elasticity 

BAROMETER, DESCARTES’ In older to magnify the effect of the mercurial barometer, 
Desciitf’s proposed to use a mixed column of mcicuiy and some lighted’ liquid in tht“ follovnng 
way —1 lie top of tlic mtre-unal barometer was enlarged into a wider cylinder of uniform boro, 
and again contracted into a tube of the ordinary sire The top of the mercury coluniu was m 
the widining Above this, and reaching up into the narrow tube, was water, or a solution 
tborem of tartrate of antimony and potassium It is clear that if the atmospheric piessuru 
mcreasc, say a quarter of an inch, the mercuiy in the wider cylinder would rise to that amount 
if no liquid were above it It will therefore squeeze up the hghtrr liquid m the lighter and 
narrowci tube (supposing this to have no weight) to an amount invcraely projicitional to the 
sections of the two columns Since the relative Kiiecific gravities of the water and mercury 
are known, it is easy to calcniiate the entire weight of the compound colunm Cvving to tlie 
tension of the watery vapour, this form of barometer was abandoned By using glycenno ami 
certain hydrocarbons of high boiling point and bttlo vapour tension as the upper liquid, it is 
easy to construct a barometer which shows tlie vanation m pressure due to one foot difference 
in height 

’rile mercurial barometSr>i^ the most convement for determining the actual weight of the 
atmosphere If we take a tilbe whose sectional area is one square inch, close it at one end, fill 
It with mercury, and invert it into mercury, we shall find that the difference of level between 
the inner and outer mercury is about 30 inches Take a column of mercury 30 inches high, and 
qf one square inch sectional area, and we fmd that it weighs about 15 lbs Hence it follows 
that the pressure of the atmosphere i 3 1 5 lbs on the square inch of surface 
Barometer, water a barometer in which water is nsed instead of mercury As 
mercury is nearly 14 times heavier than water, the column of the water barometer is nearly 14. 
times higher than the mercunal column (see Barometer), or nearly 3 $ feet long, all changes of 
elevation would also be proportionately greater But as the ipace above the water column 
would be filled wntheaqueous vapour, vaiying m tension with temperature, the water barometer 
Would not be a eatisfactoiy weather indicator. 
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BAROMETRIC LIGHT When" an upright barometer is moved gently backwards and 
forwards from the vertical to an oblique position, so as to make the merouiy oscillate in the tube 
through a range pf a few inches, the Tomcclhan vacuum becomes lighted up so as to bo visible 
m the dark. This is called the barometric light, and is due to electricity arising from the fric- 
tion of the mercury against the inner surface of the tube Mr Tomlinson has described an 
experiment in which the phenomenon is exhibited on a large scale in the vacuum of an air pump. 
The ishief {irecautiou IB, that the mercury and the glass appaiatus bo quite dry Hence the 
experiment succeeds best in frosty weather 

BARTON'S •BUTTON S , or. Ins Omanients By means of a dividing engine, Mr John 
Barton succeeded in engraving lines on steel ami other sui faces not more than from the 2000th 
to the 10,000th of an inch apart These, owing to -the action of grooved surfaces on hght, 
shine in the hght of camllcs or lamps with all the colours of the spectrum From steel dies 
thus prepared impressions were stamped upon buttons and other articles, forming ornaments 
nvalhng m colour the brilliant flashes of the diamond (Boe Grooved Sui faces, C flours of , 
Interference of Light ) 

BASE The dchiutioii of the word base is as difficult in the present state of chemical science 
as that of the word acid It miy be considered as the converse of acid, or the body which, 
unitmg with an and, will form a salt (See Acid, Salt ) 

BATEN KAITOS, (Arabic and corrupt Greek ) The star f m the constellation Cclus 

BATTJilllY, ELECTRIC (First constructed by Winkler, 1746) An electric battery 
consists of a collection of Leyden ]an whose outside poatings are all electrically joined together 
and likewise their inside coatings Practically it la usual to have a large wooden box divided 
eflf into partitions by me ms of thin wooden bars, cich partition being capable of holding ono 
jar^ The bottom of the box is lined with tinfoil, and thus tlie jars, when placed upon it, have 
their outaido coatings connected Ity uuansof i strip of tinfoil passing up from the bottom, and a 
stout brass wire passed through the siile of the box, the outside co itings are all joined to a knob 
on the outside in some convenient position for discharging The msido eoitings arc all con- 
neoted together by me ms of brass rods pvssing from licuob to knob We obtain by this 
mrangement the same effect as from a single Leyden jar of, it may he, enormous dimensions 
But to procure a jvr of unusu il size is dilheult, and such jirs are both cNpeiisive, and being 
cumbrous, liable to get broken llciico a battery is always iircfcniJ. The jars are 
generally four, six, or nine in number, and each exposes from two to three square feet of tinfoil 
coating The amount of cloctrieity ai^eumiilited is iirojiortional, other things remaining the 
same, to the amount of coating, whether in one large j ir or in v nimiber of jars joined together 
aswc,havo dcsciilicd them Very lemarkihle effects may bo obtained by means of a good 
battery When charged it must ho (autiously handled, for Kcrious accidents, oven ondaiigeriug 
life, may rc'adily occur bop further uifoiniaUon the ai tides on Discharge and on Leyden Jar 
may be lonsnlted 

BATTEJiV, GALVANIC, consists of an association of galvanic pairs or elements for tho 
production of current electricity Any simple arrangement of metals and liquids for the purfiosc 
of pixiducmg a current of clcetrwity, such for instance as a plate of sane .and a plate of copper 
limnerscd in dilute sulphuric veid, la e died a galvanic element or v b itteiy i ell , and when aeveral 
such cells are connected together so as to produce a greater effect the collection is e died a battery 
Tho voiy simplest form of battery consists of a number of pairs, such is that which we Iiave 
just mentioned, of copper and zinc, immersed in dilute sulphuric acid , the smeossive pairs are 
joined together by wires, tho copper of the first cell to the zinc of the second, the cojqjer of the 
second to the zme of tho third, and so 011 On eouncrting together the zinc of the hrst with 
the cojiper of the last we m ly obtain a very powerful eiirroiit This form of battery was pro- 
posed by Volta, and is c vlled Volta’s Oiown of Caps Wo aic now acquainted with many forms 
more powerful than that composed of zuio and copper elements, and we shall dcseribo the more 
import int of them ui their propel places Our limits will not, of cduise, permit us to enter into 
a description of all, even of the imjiortant ones, or into a very detailed dcsciqition of any Such 
infonnation must be obtained from a treatise on physics or on physical cheimstiy 

A great objection to the use of the siinjde battery above described ss ^ound in what is called 
tho piflariiuUion of the plates The current set np on connecting together tlio batteiy terminals 
very soon falls off in strength, the teas m being that the p'latas asbuiue a condition such as both 
to hinder further action and even to tend to produce a current in the ojiposite direction In 
fact, the hydrogen whicn is liberated at the copi>er surface not only hinders the contact of tho 
fluid with tho copper, but as it IS piodiiced in a state of high excitement, called the nascent 
state (see Nascent Slate), it has a great tendency to become osuhzod again, and by its oxidation 
sets up a current opposite to that of the battery Tho effect of this is to ftiminish tho primary 
current, and m many cases even to mak • 1 1 almost imperceptible, and it has been a great desideratum 
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xrith inventors to find some method of getting nd of this deposit of hydrogen For thin purposo 
Smee's battery and Dauiell’s battery have been constructed, and ■w.c liave described them rndtr 
these names. We have also given an account of Bunsen’s battery, Grove’s battery, and the 
Menotti battery Besides these there arc many other forms, such as the bichrom itc of 
potassium battery, the sulphate of mercury battery, the Leclaiichu battery, but these arp all 
liable to the great objection of not being constant in strength, in most cases to such an exteue 
that the current falls almost to nothing in a few minutes, and they can only tie used foj Such 
purposes as ringing electric bells and the liKc, where a momentary cunent ls enough 

For further information on tins subject see the articles on the various foiiiis of battery, 
Current, Electric . Plates, Pciansution of 

BATTEllY, MAGNETIC Amagiiefu battery consists of a number of magnets an aiigcd 
to "ether, so that by their conspiimg action cousidciable force mvybe obtained Vanous 
foims of compound magnets, or magnetic batteiies, have liccn proposed and used In gener.al, 
they consist of a number of bars, each magiietivetl by itself, and all bound together mth their 
similar poles tow.ards the same parts Sometimes a iiuinber of stiaight bar iii.igncts is put 
together round two parallelepipeds of soft iron, one at each end, which project from tlie bundle 
These soft iron ineecs arc the nrmatuics of the eoinijound magnet, and, beiomiiig niagncti7ed 
inductively, contentratc the force of the magnet to jjo/ts ivithm themselves I’lm whole 
hiindlc IS kept together by bands of copper or biass, or occ.esioiially by screws passing through 
the bars Batteries of the horse shoe fuim are also iiiaile by screwing togetliei any iiuiiibur of 
similar horseshoe plates, each of wdiieli has been mignetizod by itself ’J’he evtieimtics of tlie 
compound magnet are made smooth and pai.ille] , and a kupii, oi soft iron bai, jjiimng tho 
poles, IS constantly in contact ivith them when the magnet is not in use 
BA'l’TERY, THETIMO ELECTRIC It is explained (see Thet mo da In, ity), that when a 
cmuit IS formed containing two metals, — for example, bismuth and antimony, — and whin one 
of till junctions is raised to a higher temperature thtn the rest, a eurront is generated, the diiee- 
tion oi which depends upon the nature o^f the metals Thus, lu the ease of bismuth and anti- 
■1 my, tho current passes from tho hismutli to tlic antimony thiough tho hot junction The 
< Lctroim live force of a single pair is, liowevev, veiy small, being estimated, according to a 
detennination of Wheatstone, in tho case of l)i-.mntli and antimony, in liundredtlis of i Laniell s 
cUnicnt, for a diflerence of temperature of ibo“ F (lOO” C ) In onlei to obtain considerable 
ihetiomotive force for a small difference of tempeiatuie, m aiiangement similar to that 
adopted in the ease of tho ordinary galvanic battery is made use of A Lirgo miiiiber of bars of 
i\'>iiuith and antimony are soldered end to cml alternately, and are so bent that all the bais may 
I u pirallel, incl "11 the alternate junctions may point the same w.ay It will be seen that in such 
an irrangemcnt, if one aeries of junctions bo exposed to heat and tlnj other to cold, the ten- 
deney aD each junction is to send the current in the same direction, and the aggregate effect may 
thus be made considerable The electro motive force is, how e\er, ilways low, and m ordci to 
make the cnirrei.t available in cases in which it is to be cmjiloyed for measuring amall differences 
of temiierature, a g ilvanometcr constructed of short thick copper wire, and called a 'I'hcrnw- 
wjVppijcr 18 used (See also T/temo-pife, Thttmo-mulUplm ) • 

B A UNIT A coiitiaetion frequently used m sjieakiug of the British Association Unit of 
Electric Resistance (See iicwfiaacc, Umit of Licit uc) 

BEA’J’S If a note of permanent pitch be sounded continuously, and another hotc of gra\ er 
pitch he gradually laised in pitch so as to reach and exceed the [utch of the first, a peeiiliar 
tlirobbmg 13 heard consisting of rapidly recurring augmentations of sound as the tw o notes 
approach one another, the intervals of the throbs or “beats" become greater and gre'atcr as 
the two notes approach unison , when this pomt is attained, they cease As tlio second note 
Surpasses the first, the beats recommence at first slowly, then more rajiidly, until tliey cannot 
he distinguished from one'anuther If one note consists of say 20i notes a second, and the 
other of 200, at the end o{ every second the zoist vibialion of the first note will coincide 
wth the 20oth ot tho second, and consequently there will be i beat or augmentation per second 
'* hen the second note lias 202 vibrations a second, there will be 2 .augment itions in tho second, 
jjatnely, at the half ^ecBnd, when the first note has completed its 5*3th vihrition, and the second 
as completed its loist vibration, and again at the end of the second Acconhngly and gene- 
th a iiiiuiber of heats heard m a second, xvhen two notes are sounded together, is equal to 
® ddferenoe between the numbers of vibrations whieb they miko m a second Hence, when 
e notes are very nearly of tho same pitph, differing in pitch say J, i, 2, 3, 4, 5, vibrations from 
th** P®r second, beats arc heard at intervals of 2, r, -5, &e , seconds apart , 

com*^ distinjjuihhed easdy by the ear, and uiipart an agreeable additional rhythm to the 

£ sound If, on the other band, the notes differ so widely m pitch that there is a dif- 

“™ce of say 100 or 2cx3 vibrations a second, there are lOO or 200 beats a second which cannot 
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be dlstinguislied from one another, and which, if heard separately, would form a secondary note 
Between these limits, and especially when the difference of vibration is about l6 m a second, 
the beats oonstitute a harsh rattle, which la one cause of dissonance The discord or dissonance, 
bowever, between two notes, does not wholly depend upon the number of beats in a given tune, 
but jB lessened when the interval between the notes is increased 

BELL. (Aqglo Saxon, beRan to resound ) A hollow, conical, musical mstruiuent, which, 
whdn'.stmck, emits a sound A bell, acoustically considered, acts like a disc dunng vibration 
— that IS to say, it is divided into a certain number of vibrating segments, divided by nodes or 
points of com])arative rest A circular bell dunng vibration alters its shape, and the month, 
mstead of presenting the figure of a circle, is alternately an elbpse in one direction, then m a 
direction at nght angles to its former position A bell divides itseli into four vibrating at;; 
ments, separated by four nodes, when it emits its deepest note , and the point where the ham 
mer stnkes the suiiace of the bell, is always the centre of a vibrating segment If a bell he 
placed with its mouth upwards, filled with water, and then caused to vibrate by drawing a 
violin bow across its edge, the vibrations are mdicated by npples on the surface of the watir, 
and sometunos spheres of water are projected from the surface By using warm other or 
alcohol in place of water, M Mclde has produced some very beautiful effects, for the detached 
Rjjhcres, when they f ill again to the liquid surface, do not immeihately roalesce with it, but 
roll along it to the lines of rest This expenment may be tried with a fiugci glass or tumbler 
Bells are usually made of an alloj consisting of So j>arts of copper and 20 of tin, small quan- 
tities of lead, 7ino, and sometmics silver have been added, but without an increase of sonorous 
ness T^je number of changes which may be rung on a given number of bells increases ennr 
mously with that number Thus, four liells produce 24 changes, while siv bells produce 720, 
and tw'clve bells no less than 479,001,600 changes 
BEIiIiATHTX The star y m the oonstoUatiou Orion. 

BE IjTj, DIVING Slo Diiinr/bcU 

Uh TdiOWS (Anglo S won, a bag ) A very ancient contrivance for producing a blast 
of an It consisted in its rudest form of a bag which was compressed, allowed to become full 
of air, again compressed, and so on llcjiresontations of bellows have been found among bonie 
of the earliest Egyptian sculptures, and Hir Gardiner Wilkinson believes that he has detected 
a V .live as early as the tune <if Closes Ordinary bellows, as now used, are practically leather 
bags whieli lire coiujirossed, then expanded, so as to allow air to enter through a valve opening 
inwards, whicli, on compression of the bellows, allows no air to escape save through the nozzle 
In the caso of a supply of air for large furnaces, the hot-blost for smelting iron, Ac a blowing 
machine is einploycd, in which a piston works in a large cylinder, and both by its upward ami 
S'trokc ejeetr large quantities of air from the cylinder at an uniform pressure and 

BMjT'S A name applied to the faintly colomed streaks rrossing the discs of Saturn ami 
.luiuter I he belts are supposed to he due to the existence of clomls in the atmosphere of a 
planet 1 rade-wands, resembling those which we arc acquainted with, but flowing much more 

more rapid rotation of Juiuter and Saturn, would gathei these clomls 

At by reason of the high reflective power of the 

clmi Is, BO that the space between them would appem as dark belts It has not perhaps been 

ttlCTo ™P*'l rotation of Saturn and Jupiter on th/ir ivd", 

we arc DiZ?ai occuitcih e of trade-vviiids, such as th-e 

sun'll oiS find iliBtance of Satuni and Jujiitcr from the 

of mtluT iwt wK dwturbanccs m the atmosphere 

nJiT. r u T’ the difference lietween his action on different regions of that atiiws 

fo low thatVroTssTel^^^ ? conseqtiences which imuht 

Tn on f h/T. i A ^ * A'"' But-setting aside this con-ideu 

sitAh" iffecT^f The sui-riii/'''" ’lA these*plmets may tend to conipeo 

smns of tA ll^nlanotH tho enormous duiicn 

10ns ot the two planets, the vaiiatioiis of temperature between nJaces aemra+i'd hv mvtii ths 

dmWcTmoA‘ArAAAir*'A^^ corresponSmS vari^ioLAor s.i^h 

d( 'Trees normer than at a dIopp'ToTi ^ I'laqp on the earth, tlie air is so nunj 

pheuc c^ts of a ^ the Recurrence of atiuo- 
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more likely that processes are at work 'which result from heat inherent in the masses of these 
orbs 

BENETNASCH (Arabic ) The star ij in the constellation Ursa Major H is also called 
Alhx^d 

BENZIDAM a synonym for Aniline, now obsolete See Aniline 

BENZOIC ACID An organic acid crystallising in colourless transparent laminae * When 
pare it has no odour, but it ordinarily retains some of the odour from the gum benzoi* from 
Wich it IS prepared Its formula is C^HgCj, it fuses at I2I° C (250° F ), and distils over at 
294° C (561“ E ) It 18 slightly soluble in water, but much more so in alcohoband ether Ben- 
zoic acid umtes with bases, forming a well crystalhsed senes of salts called benzoates 

BENZOL A limpid colourless oily liquid of a pleasant odour, insoluble in water, but 
miscible with alcohol and ether Specific gravity, O 85 , boihng point, 86° C (187° F) Ato°C 
(32° F) it freezes to a white mass restmbhng camphor It is very inflammable, and evohes 
much smoke on burning Composition CgHg Benzol was first prepared by Faraday by the de- 
structive chstillation of benzoate of lime , it is now prepared in enormous quantities from coal- 
tar naphtha It is the lowest term of a senes of homologous bodies, increasing by the addition 
of GIIj, the nevt term being toluol, Cylfg Benzol forms a large number of substitution pro- 
ducts NiirobcmcH is formed by the replacement of one cquii aleiit of hydrogen, by one eqiv a- 
Icnt of NOn, its formula being CfjHgNO^ It is a yellowish oily liquid, having an odour of 
bitter almond oil, and a sweet taste , it boils at 220“ C (428° F ) , reduemg agents convert it into 
anihne. 

IlERYTiLIUM See Glucinum 

BESS EMEU FLAME, SPECTRUM OF THE The intensely bnlhant flamcfwluch issues 
from the month of the Bessemer converter during the latter stage of the operation has been sub- 
mitted to spectroscopic examination by Professor ^iscoc, Professor Lielcgg, and Dr W M Watts 
Professor lloacoc has detected in the flame the elements sodium, potassium, lithium, iron, carbon, 
hydrogen, ind nitrogen At a certam stage of the “ blow” the carbon lines siuldudy disappear, 
and ('\penencc has shown that if the blast of air is turned off at this moment the best results 
will ijo produt ed This point, which formerly could only be ascertained doubtfully and after 
much experience, is now detected with greatest readiness by means of the spectroscope (See 
ibjiectnim , Spectrum Analysts ) 

BKST TARY {Jksiia, a beast ) A name given m old works on astronomy to the Zodiar, q a 

BLTELCEUX (Arabic ) The star a m the constellation Orion It is a noted ruddy star 
Sir Heracliell discovered that it is vanable 

BEVELLED WHEELS (French, Ittcmr, aslant, Spanish Joy? rf ) The use of bevelled 
wheels IS to transform motion round one axle into motion lound another axle which is not 
parallel to it S’lppose the central line of the two axes to be continued till they meet, and a lino 
to be drawn through the point of inter'^cction biscctmg the angle between the axes Imagine 
this line to be rigidly connected first with one axis, ami then with the other When the axes 
revolve, two cones, touching one another, will bo traced out by the bisecting line If the sur- 
faces of the cones be rough the revolution of one will produce rotation of the other If instead 
of using the whole surface of the cones we place teeth along circular sections of the two cones, 
bevelled wheels 'Will bo formed The surfaces of the teeth, theiefore, form part of the sui faces 
of cones having the same vertex As an illustration, consider the case where the motion is 
required to be at right angles to that nlremly produced Since the axes produced would meet 
at right angles, the bisecting line will be at 45“ with each, and consequently the teeth on the 
bevelled wheels must be inclined at an angle of 45° to the axles, instead of being paiallel to 
them Thus when the first wheel rotates the second will revolve regularly, and produce motion 
about on axle at right angles to the first Bevelled wheels are much used m machinery and 
clockwork. They are better adapted than crown wheels for machines pcrfoi'miug heav y work 
(See Toothed Gear) ' • 

biaxial, CRYSTALS, INCLINATION OF OPTIC AXES OF See Optic Axis of 

Biaxial Ctrystals^ fnclinniwn of 

^ bichromate POTASH. See Chromates, Chromate of Potassium 

BIELA’S COMET a comet of short period (sec Comet), remarkable on account of the 
near approach of its orbit to the earth’s, and to the orbit of EncLc’s Comet (q i ), and still more 
remarkable as having divided into two distmet comets in 1846 In 1S52 it was still double 
■In 1859 its return to perihelion was not observeil owing to the unfavourable position of tho 
*‘arth In 1866, the epoch of its last calculated return to the sun’s neighbourhood, this comet 
^as not discovered by astronomers, who remom unable to explain its app,ireut disappearance 
from the solar system 

BlFlLAR BALANCE. See Balance, BtJSar. 



BILE or Gall An animal liquid contained in the gall bladder Specific gravity about i 02 

n . »d ti.dc ot » « tow,. ””ti 

resinoua matter, colouring matter, fatty acicla, ana cnoicbi; , a 
Btituents 

BI WOULM^^KMO^OPI^MIUltOSCOPE {/J.niM, two , ftndortdut.Meyo) It 

dmoifttrS,. 0 Whc..t,u,...-.d»o.oryof tho.^o,»^ 
of bmodular iision w.ai succesifully aiqdicd to the miLrosLope ihc first instrument ot thw 
If, ml was made by Nacliet of I’ans, but his amngcmuit w now superseded by Wenhams 
binocular ptisin, which la almost uni vers illy att.u.hed to good imcroscopcs Pwfeasor bnnth 
hrdevaed a bmocul.ir eye piece which cn ihlcs stcrcostopic elfects to be obtained iiath a single 
body microscope , w hilst Wcuh.im’s an angement rcquiies two bodies i lie ^anta^^ of the 
bmoiulai ovci the monocular microscjie, 111 addition to the effect of stilidity which it confers 
unoii the obj< cts, .Lie, that the pciictr iting pow ct 01 focal depth is fp-c.-itl r superior whilst its cni 
ploymciit IS itt( nded with \cry much less fatigue to the eyes It iimst be boiiie 111 mind that 
those atlv ant igcs 11 1* only met with 111 the steieoscojiie bmot ular, .and that mstniiueiits which aie 
binocular but not steieoscoinc, ic.whith present t<i eicli eje images wliieb are esscnti.ally 
ideiituiil, only ])ossiss these adi.aiitages 111 a veiy. hunted degiie (See Mnioiiopc, btacosiupi ) 
iilNOCUli \.i^ ViSlON" ^riiu iilicmnnciiA of hinocul ir visim 11 ivu betn fiilly cxaininccl 

Kii t'li ulcs Whe itstduo It A\ill 1)0 < vidint on a. httio tlioiijrht that a holid body near at hand 
IS seen fioin a slightly diffirent point or \iew by the light eje than by the loft eye If one e^c 
be elosOd the ctlut of leluf iiid solidity v tnish, .and bji \\heatstone discovered th.at the 
cause of the ^ciis itioii of solidity w is duo to the inentil union of tluse two slightly dissimil ir 
imiges on the letiue The stueoseope w an uistiument based upon this fact (See bteiv) 

**^'llIHJ[U'I’ir A metal which was discovered by Agueola in 1529 Its symbol w Bi, and its 
atoiiiie weight 20S It friipniitly oeeiiis 111 tno iiitne st.ate 01 in coinlnnutioii with auliihur, 
and IS estiaeted by lievtiiig tlie mniei il in inclimd tubes, whence tljc metal flows iiitu 
roiepticles 'J'ho iiiiiiuie metal is sepuated from sulphur .mil otliei impuiities by fusion with 
intio Bismuth is a piiikisli white iiu t d, Miy buttle, and highly a yst dime , some of its irti 
liewl crjst ds no of extiome be nity .ind eoiisidi i ible sue Its bjictifn gi ivity 18 9 •'^3 
melts it i(>4" (' (507" h’ ) and espiuds in solidifjing It is iii'ither ductile nor m.alluablc, but 
miy bo 11 idili powdin d IXposod to th< act urn of a poweitui ungiiet it is rejjellcd fiom tLi 
jiol* s, bi iiig ill im igiietie The following ire its most import int couqioundH — 

Oj.iiIh nj Ijmntil/i The jiniieip il oside is the ttmjculc (IbjO,), w Inch is formed when the 
metd is he.itul with flee eontnt of an It is.ipde yellow powder The hydrated oxide 
(IJilIO,) IS obt lined ,as .a white pri ■ ip't ite on .adding a eiustu alkdi to a solution of sub 
nitiate of bisuiiith This o\ide* unites ivitli acids, foiming the normal h.alts of bismuth, for a 
duscrqitiirii of which see the acids ]h\iiiuthti and (Bi^Or,) is a bright red iiowder, foiTiling 
coiiijio .lids with dkalies, which liave only been inuM ifeetly investigated 

Tiitldoiidi of lll■^mutll (BiL'lj) A white fusible ciystallmo suhsUnee which is dccomposid 
by w.iter witli preeipibitieu of oxyeliloinie of bismuth <BiCl()) This is a pearly white 
insoluble powdei known 111 the arts under the ii.imc of pe irl white 

Sidp/iuU 0/ 1 / 1 1111 nth (Bij M,) Tills occurs nitive, bung knoivii as bismutbine, and it m.ay be 
prop.aud .utihiiilly by fusing ijowdeied bismuth and sulphur together It is a load graj 
eryNtalliiii. hubstiiiee, of speeihc gi xvity 65, Bomewh.at bnttle and sectile Tins compound n 
also jnei ipikited as a browmsli black powiler when sulphuretted hydrogen is passed through a 
solution of i bismuth salt 


TIuto are sciei.d 01 game compounds of bismuth 

BISisBXTIIjE (Zfci, twice , .iiid sea bfis, sixth ) The name given to every year of 366 dajs 

The length of the ye.ir being a little less than 365^ d.iy s, Julius Cdesjar, in reforming the calen 
du, i.i.inged th.at 111 eveiy fourth year Pebruaiy slionkl have 29 diys instead of 28, and to 
avoid muinveinencb, two following days of the lengthened month were called by the same name 
Tile d ly thus rc'lie ited (so to speak) w'as the 24th of February, or, adcordmg to the Romini ^ 
noiiii uclatme, 'icxto urhnd is Jl/a> tit lien, e the ye.ar m which tine title was‘ given to two sue- ’ 
itssni, lUys reel 1 veil the n.ime iiissexfife (See Xtap Fiar ) 

BLU’K lines of the spectrum Fraunhofer’s Lines. 

BIAST FURNACE See/nm 
blast furnace gases See hon 
Bl.EACHING POWDER Sec C/donne, ITypochlontcs 

BLOOD, AI 1 S 0 RPT 1 , 0 N LINES IN The colouring matter of blood 13 capable of 
mg m two states of oxnUtion, producing different absoriition bands in the spectrum. B®*) 
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blood gives two wide somewhat indistinct hands in the red part of the spectrum, whilst deoxid- 
ised blood gives only one black band somewhat intermediate in position with the other two 
Professor Stokes has termed these colouring matters red and purple « uoi me By the action ot 
<in acid on blood, a substance called haniatin is produced, winch gives three absorption bauds m 
tne red, orange, and green, which are again reduced ti> two bands by deoxidising agents In 
cases of poisoning by the inhalation of carbonic oxide, the blood is found to giye anutUer t li vrv - 
tcnstic set of bands, (see Profesgor Stokes' paper, Proc K S 1864, p 355 ) (See Alsotjjtvm •/ 
LijM, Speett tm. Spectrum, Analyata ) 

BLOWPIPE An instrument of much use in. preliminary chemical cx-imuiatinns It con- 
sists essentially of a tube about seven mches long, one end of which is supplied nith a mouth- 
piece, whilst the other is bent at right an^cs, and tennmates m a fine nozzle When a stre un 
of air IB blown through it into a gas, oil, or spint flame, a long naiTow dart of flame is pioduecd, 
nhich, by adjustment, will present the appearance of a clear blue cone mtciioily, and an indis- 
tinct colourless outer envelope The iimcr llame possesses reducing properties, whilst the outer 
flame es oxidising By heating small portions of niuicral substinces on platinum wire or eli.ii- 
coal m these flames, either with or without the aihlition of le agents, much valuable informatiou 
IS afforded as to tlie constituents of the body iindir exammatimi Blowpipe analysis has tliere- 
fore become au imiiortant branch of analytical chemistry , and owing to the gre it portability of 
all the apparatus, and the ease and rapidity with which results can be oht lined, it is iiiv ihiable 
for the travelling chemist and mineralogist 
BLOWPIPE, OXYHYDllOGEN Hoe Oxyliydiogcu moiiptpc 
BLUM VI'I'KIOL Sea SiJplKitcs, Coppet 

BODE'H LAW The name given by astronomer^ to an cmpiiieal law by which the di-.t'iuccs 
of the phuiets seem associated The law was not disco vexed by Bode, however, having been 
put fon ard botoio lus time by Kepler and Titiua 
The law niaj' bo thus cxhiUtcd — Under the names of the sovoial planets in the older of 
their di stance set the niimhor 4 Then below this row of fours wiite in order the iiumheis o, 3, 
6, 12 2%, 48, and so on, the O falling under Meicury, the 3 under Venus, and so on Adding 
tlic seioral columns thus obtained, wc obtain the following rcsulc — 


1 I’’cr 

Yea 

Earth 

Slars 

Ast 

Jup 

Sat 

Uran 

Kept 

•1 

4 

4 

4 

4 

4 

4 

4 

4 

1 ^ 

3 

6 

12 

Zt 

48 

QG 

BH 

38 4 

1 ^ 

7 

10 

16 

zS 

5= 

100 

mm 

CO 


The nund'crs thus obtained correspond closely with tho relative Astaiiees of the planets 
except only 111 ihe case of Neptuno Tho real ehstaiices, calhug the earth’s distance lo, aio as 
follows — 


Mer 

Veu 

Eartli 

Nais 

Ast 

Jup 

Sat 

Uran 

Kept 

3 9 

7 z 

10 

IS 

Z 7 5 

S» 

93 

193 

300 


It will he seen that the distance of Neptune falls far short of tint which Bode's law would 
assign to a tiaiis-Urani an planet Under Asteroids and Neptune will be found a icferenee to 
two important services which this empirical law has rendered to astronomy 
Similar relations have been detected among tlic distances of the satellites of Jupiter and 
Saturn In the case of Jupiter’s system, the constant number is 7, the number multiplied is 4, 
and the constant multiplier In the case of Saturn’s system, tho constant number is 4, the 
aumber multiplied is 1, and the constant multiphcr 2 
It has been remarked by Gauss that the senes resulting from Bode’s law is not a true pro- 
gression, because, inverting the added numbers, we ought not to have . 1 2, 6, 3, O, but 

3i &c fJhiB dffliculty may be removed by considermg the law as applying only to 
the distances of Venus, the earth, fijc , from the orbit of Mercury So considered, these dis- 
tances successively increase by mere doubbeg, ajid the law becomes not only complete, but 
Oiuch simpler 

*t seems difficult to believe that a law so well marked, and fulfilled so closely m so many 
instances, is not in rcabty the result of physical relations of some sqrt, though it is by no means 
see what thq^e relations may be 

BOHNENBERGER’S ELECTROMETER, or Electroscope, as it ought to be called, is a 
ttnuon single gold-leaf electroscope (see Electroscope), to which is added a pair of dry piles 
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placed vertically one on each side of the gold leaf. One of these 
most, and the other its negative end They are furnished with 1 
of a screw at the bottom of the case of the instrument, can h 
nearer or farther from the gold leaf When the instrument is 
down between the knobs , but m giving it the slightest charge 
piles and sepelled by the other, and thus moves m a direction wl 
of thA fcharge thal; it has received. 

BOILER See Steamroller i t v *1, i 

BOILING POINT The boihng point of a liqmd is the temperature at which the elastic 
force of its vapour is equal to the pressure of the air, or other surroundiiig medium ^iis tern- 
peraturc is dependent upon various causes which ard discussed under the heading JibuUition 
Tlie following table of boiling points and densities has been condensed from that given by Dr 
W A. MiJer — 


Table op Boiling Points op Vabious Substanceb. 


Name or Substance 

Boiling Point 

1 < uhrenheit 

Spedlle Gravity at 

32" F. 

Liquid sulphurous acid. 

17 6% 

0 8009 

Aldehyde, 

6 q 4 

X thcr. 

94 8 

0 736s 

Bisulphide of carbon. 

Acetone, 

118 s 

I 2931 

133 3 

0 8144 

llroniino, . 

T 45 4 

3 ’87* 

"Wood splnt. 

149 9 

0 6179 

Alcohol, 

173 1 

0 8151 

lien role, . 

176 8 

0 8991 

■Water, 

.i3 0 

1 oocx> 

Butyric ether, 

SjS 8 

t> 904 r 

I'erchluTido of tin, 

240 2 

2 2671, 

'J'erclilondo of arsenic, 

273 0 

9 2050 

Bromide o( silicon, 

308 0 

2 8128 

Turliromido of phusi horui. 

347 5 

2 9249 

Sulphuric acid, 

t>40 0 

1 8540 

Mercury, 

662 0 

13 5960 


piles has its positive end upper 
arge brass knobs, and, by means 
a moved parallel to themselves 
uncharged, the gold leaf hangs 
, it IS attracted by one of the 

imla iTirli/*n-f.pa a.4: nnnA ‘nnf-ii... 


BOIjIIIE (| 9 oMs, a missde ) See Meteors, Luminous. 

BOTiOliNA FLASK, See Pnnee Rupert's Stops 

BOOTES In astronomy (<Ae //cmsmaii), one of Ptolemy’s northern constellations It cnii 
tains the bright star Arctnrus, and the singularly beautiful binary star Mirach, or Epsiluii 
Bootes, dcsei vedly named by Admiral Smyth PulcAernma 

BORACIC ACID Sco iforoa 

BORAX See Boron 

BORING- TOOLS Implements used to ascertain the nature of the materials to be er 
cavated prei lous to the commencement of earthwork They consist of the bonng tool proper, 
wliieli is of wrought iron, steeled at the cutting edges and jxiints, and about 3 feet long , and 
tlie Icngthi'iiing rods, which are square bars, usu illy about lo feet long, and terminated l>y 
screws, so that they can be connected together, or to the boring-tool proper The uppermost 
rod can he attached to a long horizontal bar about 6 feet long, dnvcii by two men, and also to a 
block ami t ickle by which the rods may he hauled up when required The -vorking part of the 
tool IS of various forms , the titu/er which 13 used for all ordinary earths and soft rock is a 
cjlijidor about 3i inches 111 diameter, with .an open sharp-edged slit qlong one side, and shglitly 
c '1 trocted at the lower end, which sometmies tenninates in a gtmlet , the worm is a sharp 
poiutcd spiral, used for rock too hard for the auger, the latter being used after it to enlarge the 
bore and bring up the fragments When the rock m very hard, a jumper is used— that is » 
kind of chisel with a shaiq) edge, worked by raismg it a sliort distance and letting it drop, turn 
nig it a little way round after each blow Bonng machines have been lately used extensively 
foi driving headings in tunnelhng through hard rock The most remarkable is the bonng 
paratuB used m making the tuimcl through hi out Cenis This tunnel is 8 miles long, and had 
to be excavated entirely from the two ends without the aid of shafts The machinery consi'-ts 
of .1 number of horizontal jumpers, dnien at the rate of about 200 blows per minute by 
maol.mery, moved by nir compressed by hydimdic machinery near tho outer end of the mine, 
and com ey ed into the mine through a pipe By using eight jumpers for sii houre, about sixty 
holes of 3 feet long, and i' mch diameter, are made m the face of the rock and are used for 
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blASting with gunpowder By this means a mass of rock was removed m ten hours about 12 
feet broad, from 7 to lo feet high, and 3 feet deep 

BORON A non metalhc clement, which waa first obtained m the free state from borauc 
acid by Gay-Lussac and Th^nard m 1808, and immediately afterwaida by Sir Humphry Davy 
In the amorphous state, it is a dark greenish brown powder, opaque, free from taste and smell, 
and a non-conductor of electricity when un-ignited , it is slightly boliible in water, udien heated to 
about 300“ C. (572“ r ) it bums in the air, forming boracic acid Boron also exi,sfii in the 
graphitoidal form as well-defined six sided crystals, perfectly opaque, and of a scmi-metalhc 
lustre An adamantine or diamond boron is a^ known in the form of quailratic octahedrons, 
specific gravity 2 63, and sometimes as ^ard as the diamond, and of a scarcely perceptible honey- 
yellow colour Boron forms compounds with all the other elements, but the only ones which 
we can here allude to are boracic acid and the borates 

Bbracic Acid (m the anhydrous state B^Oj) is the only known oxide of boron It is a colour- 
less, brittle, glassy mass after fusion, of specific gravity i 83 It melts at a little below rcane'^s 
It dissolves in water and alcohol Its alcohohe solution bums with a beautiful green flame, (the 
same colour being produced when a boron compound 13 heated before the blowpipe), and crystal- 
lises from its aqueous solution in white translucent pearly plates, which ha\c a bitterish, cooling 
taste It IS obtained principally from the volcanic district of Tuscany, and more recently from 
borax lakes in California and other parts of the world Although not acid to test pajier, it 
unites with bases, and forms well defined salts called Borates The only one which need be 
mentioned here is the 

Biboiate of Soda or Borax (iNaBOj BjOj ) It is found native in many part%of the world, 
and 111 the crude state is known in commerce as tincal In the pure state, ordinary borax 
contains ten oipiivalenta of water, and forms large transparent prisms, which, when heated, 
mtuiriesce considerably, fomiing a bulky white spongy mass, which, at a red heat fuses to a 
cnlourlcsa cLar glass Borax is readily soluble in water, forming a solutioa whicU has i slight 
a^kalme reaction Owing to its easy fusibility and its property of forming readily fusible tom- 
p 'lids with other metallic substances, borax is of gicat use iii the arts and manufaruiits It 
IS ilso much used as a blowpipe-test owing to its forming transparent glasses of clitracbenstic 
colours when melted on a platinum wire loop, with sniali quantities of compounds of copper, 
chrotrium, cobalt, iron, manganese, &c 

In its chemical characters, boron is similar to silicon. There are many organic compounds 
of boron 

BURONATROCALCITB A native borate of calcium and sodium, met with in South 
America, and sometimes used as a source of boron compounds Formula, 2 (NaCagH |B,, 0 ]j) 
+ iS‘iq * 

BOllLOWTNG DAYS A name given to the days of cold weather commonly occurring 
from about the nth to the 14th of April Before the change of style, these days belonged to 
the beginmng of Apnl, so as to justify the following lines, often hea^ in North Britam . — 

“ March borroivs frae Apnl 
Three days and they are ill 
The first o’ them is wun' an’ weet, 

The second it is snaw and sleet , 

The third o' them is a jiccl a bane 
And freezes the wee bird’s neb tae stane ” 

BOYLE’S LAW The law of the relation between the pressure and volume of a gas It 
states that if the temperature remain the same, the volume of a gas vanes luverscly as the 
pressure The expenment by which the law was proved by Boyle and Mamotte, will serve as 
an illustration Let e bent tube of glass be taken, closed at one end, and let mercury be poured 
into the open end, thus se]()arating the air in the closed part from the external air When the mer- 
cury IS just suifacient to separate the air, it stands of course at the same level m both parts of the 
tube Let us suppose the mcrcunal barometer to be at 30 inches when the expcnincnt is tned, 
then the pressure oti tfie air is equivalent to that of 30 inches of mercury Let more mercury 
be poured into the open tube, the air in the closed pait will be compressed, but the levels of the 
mercury will not be in the same honzontal fine. When the mercury stands in the longer arm 
of the tube at 30 mches above the level of the shorter, the air will be compressed into half its 
former bulk It is now under a pressure of twice 30 inches of mercury or two atmospheres, and 
the space occupied is half that when the pressure is one atmosphere If the level of the mercury 
in the longer am^ be twice 30 inches above that in the shorter, so that the whole pressure is 
three atmospheres, the volume of the compressed air is one-third of the original volume, and so 
on, the general law bemg that the space occupied by the air is mveisely proportional to the 
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pressure. The law may be also stated tlius the product of the volume and pressure is alwaj.> 
the same 

BRACHISTOCHRONE (fipaxvh short , ^pa.xt<fTOi, shortest , and xpovos, time ) A hue 
joining two points, such that if a particle falling from one of the points be constrained to move 
along the line, the time of motion to the other pomt will be shorter than if the particle moved 
hetweeil the points ^long any other path The problem to find tlic brachistochrone or curve of 
quickest descent, fot a particle slio.iig under the action of gravity, from one of two points to the 
other which is neither in the same horizontal nor vertical line, is \ cry celebrated in the history 
of Dynamics The curve in this case is a cycloid, that is, the curve tiaced out by a point on the 
circumference of a circle which rolls on a straight line 

BRAKE ((Tcnnari, brale) A piece of mechanism' for retarding or stopping motion by 
friction, oi by locking tho wheels of coinages by pressme The biakcs lii inachmcry connected 
with station vry engines usually connst of a belt of leather, passed lounJ one or more wheels, 
and tighti ried by means of a lever Brakes for carnages are contrivances for stopping, whol!/ 
or partially, some or all the wheels, so that they slide instead of roll The m iiviinum effo I: 
of a biake is obtained wlien it comiiletoly stops tho revolution of the wheels on which .t act"! 
In the case of railway carriages the increased resistance produced hy the brake bungs tho Inun 
to rest in the course of a time directly proportional to the speed, and inversely to the resistance, 
and of a dislancc directly jiropoitional to the square of the speed, and inversely to the resistance. 
The dist uiee in the course of which a tram is stojipeJ is of nioro importance piactically than tho 
time Ordin iry brakes consist of two blocks of wood m.ulc to fit two adjacent wheels, and 
brought in contact With the wlieels by a loinbmation of levers, serews, and bevelled wheels 
They are worked by hand m carnages eiUed ‘ brake vans” Biakes have been devised to ait 
on .all the wheels at once by inccliaaisiii vvoiked by steam Such brakes stop a tram moving 
with a specel of lO imlos .an hour iii 24 feet, of 30imle3 an hour m 216 feet, and 50 miles an 
hour m 600 feet With onlmary brakes these ihstanccs are respectively loS to 144 feet for 10 
milos an hour, 972 to i "gO for 30 miles an hour, and 2700 to 3CCXD for 50 miles an hour Mr 
Eairbaini'H Report to the British Association on Brakes, 1859, maybe consulted for further 
inform.ation 


BRAMAH’S TRESS Hydraulic Prm, 

BIlANNITJ'i See Manymeie, Oxides 

BEK VK, or Ithiotome A name given to contrivances used m many electric instruments for 
making iiul breaking a circuit thiough n Inch a cuirent flows Tho form of it dejicnds entirely 
upontlic special piupnse for winch it IS used Tho very simplest break is a common file If one 
wiie fioiii the b vttery be put 111 contact with it and the other bo drawn briskly along the surfaci , 
the circuit is made iinl br^fken as the wire* passes from tooth to tooth Agvm, a toothed wheel 
turned over the surfaeo of meremy is frequently used, one vire being connected with the 
niCTcury ana tlie otUur with the wheel A®* the teeth cuter autl leave the nxcrcuiy the circuit 
IS iiiade and broken Of self acting breaks there are also many, for example, that of RuhmkorR’s 
induction inaclnne* is a small haiiiincr of soft iron pressed by means of a spring against a little 
anvil, and the current passes from the one to tho other But the hammer is placed between 
tile anvil niid tho soft iron core of the primary coil, and as soon as the cuirent flows the core 
becomes a magnet and attracts the hammer to itself, thus breaking the circuit The circuit bein ' 
broken tlie coicce.ise8 to be a magnet, and tlie hammer springs back against the anvil again, and 
tlic current pass^es once more Other bieals and comvwtalors are described m connection with 
tile inslruintiits to which they are applied 

br other smooth surface, he written on with a wooden 
become visible by breathmg on the surface Hence such figures are 
temetl lfauil>fi,,urcn by Oertuan writers, and fiymes ronguss, or roric figures, by tho French, 

thJt ?! producing guch figures Moser’s fijure^'depend on the proposition 

^ be brought sultciently near each other, and face to face, one of them 

j I ® receives an 

, mprcssioii of the print, which may bo made visible by exposing thte glass to vapour of 

«« on eu the back, of the m^r c^e of a watch is 

a ftreS ofT.^rk 7 l®“K hy common electricity If a com be placed on glass, and 

bi^Slnmr o,. "Po*! It dunng some minutes, on throwing off the com and 

c^em the m ““'I? ii‘u® ^ produced In such ejse the film which 

eraduited m « con non with all bodies exposed to the air, is burnt off in a more or le-vs 

graduated manner, accordmg as the parts of the com near the glass are more or leS raised 



These humt off portions being more or less chemically clean than the other parts of the glass, 
condense the breath in various ways as compared with the unbumt portions, fiom minute 
globules of dew to continuous sheets or lines of water Hence the image and superscription are 
made out by the condensed moisture of the breath Some of the figures belonging to the fiist 
named class probably depend on some obscure molecular change in the suifacc of the niateiial, 
similar to the latent images in plates that have been submitted to photographic action, and 
apparently wcU cleaned bnch images sometimes start into existence when* the plate* m again 
photographically treated Por an apphcation of Breath Figures that is calculated to* ilispul a 
superstition see Ltijldniru} Fi'jurea ■ 

BRiXTUET’S HEIjIX See MetnllLC Thermometpr 

BREWSTER’S THEORY OF THE SPECTRUM As the result of numerous experi- 
ments on the decomposition of hght by absorption in coloured media, Sir David Brevister was 
led to the conclusion that the solar spectrum consists of thiee spectra of equal length,, viz , a 
red, a yellow, and a blue spectrum , each having its maximum of intensity in the middle of the 
space of its own colour m the spectrum, ind dechnmg rapidly at each side This view is now 
gener illy considered erroneous (See cicsfer’s Opiics, chap vii p 71 ) See Ancrfi icm 

BRIDGES (A Saxon, bryaj) Any stnicture of wood, stone, bnck, 01 iron raised over 
water, or roads for the passago of men and other animals Among rude rations bridges me 
sometimes formed of other materials, and sometimes they are made of boats In tiacing the 
history of bridges we find, as might bo expected, that they were first used 111 countiics the 
physical features of winch made extensive inland communications impossible williout them 
No bridges are found amongst the remains of ancient Egypt The Greeks paid no attention to 
bndge ai chitocture until after their conquest by the Romans The Romans uiftlcrstood the 
importance of building permanent structures over nvers, and were well acquainted with the 
ItTmcipics of the arch at an early period Many of these arches have resisted all attacks of 
time They are chiefly semicircular, some, however, consisting of a smaller segment TJic im- 
portance att iched to the caro of bridges by the early Romans is shown by the fact that the 
h’gliest Roman sacerdotal title was that of pontifcx (= bridge maker, from puM and facw) The 
I li f of the pontifices, called the pontifcx maximm, was always created by the people and chosen 
fioni those who had homo the chief offices in the state Fiom this woid the title of poKhfj m 
iiiuilcru Euro])o is donved Tho earliest Roman arch now standing 13 tho Cloaca Maxima built 
by the elder Tarqnui 

On<* of th" cailiesfc bridges over the Tiber was the Pons Sublicius (sttWicrc, stakes or piles) 


It was built by Anens M u lius, and dedicated with great pomp and solemnity by tho Roman 
pr^t’-t It was rebuilt with stones by riSmylius Lepidus, whose name it assumed Some 
vestiges of 'it may still be scon Other bridges over the Tiber and Arno were Pons Cestiis 
built in the leign of Tiberius by Cestius Galliis , Pons Aurclnrfcs, built of in irMo by 
Antoniiius , P ms Jamculins, which is stiU standing, Pons Fabncius , Gardms, built by 
Agrippa , and Palatums, near mount Palatmo, also exiled Sonatonus, begun by FuKius and 
finished m tho censorship of Muminuis, portions of which arc still standing Tiajan s bridge 
over the Danube, designed by Appolodorus of D,ima&cus, was perhaps the most magnilicciit 
structure of the kind in tlio Roman period It was 4770 feet long, and supportcil by 20 square 
piers 1 50 feet high, 60 feet broad, and 1 70 feet from each other It was destroyed by J 1 idmn 
the successor of Trajan From the Roman penod to the Middle Ages few builges of laigo 
^dimensions wero erected In the twelfth century an order was instituted, tonned the Fines 
I’ontiers, for building bridges, and under their dnection a budge was completed at Avignon 111 
1176 In 1354, at Verona a bridge was built consisting of three arches, the largest 160 feet 
sjian In 1454 one was built over the Allicr in France having a span of 184 feet The Rialto, 
at Venice, was commenced in 1588 It was built by Michael Angelo. It has a span of 98^ 
feet and is 23 feet above the water In 1 774 a bndge was completed over th< Sonio at Nomlly 
by 1‘crronct, the father' of the modem system of art, consistmgof five arches, cuh having a 
span of 39 metres (= 128 feet nearly), a rise of 9 75 metres (= 32 feet neaily) Budge build- 
mg in England has more than kept pace with th.at on the Continent One of the earhest 
arches built in the last cpntury was a one arch bridge over the Taffe m Glamorganshire, built 
1756 by a country Inason, William Edwards It is the segment of a circle whose diameter is 
' 7 ^ The span is 140 feet, heijjht 35 feet, and abutments 32 feet 

Wooden Bridges Very durable bridges can be constructed of timber, and when it 13 difficult 
to procure stone or iron for the purpose, v/ooden bridges are chosen on the ground of expense 
trusses ot the bridge should be arranged so that pressure is transnuttid fiom one to tho 
others, as is the case with the parts of a stone bridge, so that instead of being weakened by tho 
pwage of heavy logds they will become stronger 
Temporary and Jtfoveotle Bndgca, Temporaiy bridges are frequently made by bracing to- 
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gether a number of boats, and laying planks over them Tho bndgo built by Danua over the 
Hellespont or Dardanelles to pass fiom Asia to Europe was of tbis kind, and s^aMed all 
modem milit ary bridges Portable floating vessels, termed pontoons, are now used instead uf 
boats, m constmcting mibtary bridges The pontoons used in the British army are tin cylinders, 
■with hemispherical ends, and are of two sizes, one being 22 feet 3 inches long, ana 2 feet 8 
inches m diameter , the other 14 feet 9 inches long, and I foot 7 inches in diameter Draw 
bndges. made to talte up or let down, as occasion serves, before the gate of a town or castle, 
were much used in the fortificatmnii of the middle ages It la frequently necessary, in. navigable 
rivers and docks, to make bndges which can be easily moved Such bridges usually cross the 
■water near its level, are made of timber or iron, and are capable of bemg opened so as to leai c 
the navigation clear and closed, so as to form a passage^for a road or railway rheie are five 
kinds of movement used with these structuics — i By turning about a honzontal axis. 2 By 
turning about a vertical axis 3 By rolling horizontally 4 By lifting vcrUcally 5 By 
floating on the water Besides ha^ving the stiength and stiffness required in a fixed bnage, a 
moveable bridge must fulfil some other condition If it turns about on axis, it must be balanced 
80 that its centre of giavity will always lie m the axis , if it rolls, its centre of gra^vity must 
always he over the base or platform on which it rolls 

Smpensinn lit iihjes These bridges arc formc(J by suspending between two piers a cable or 
chain, and hanging a platform from it by means of vertical rods 

SeSl'ENSION Buidges 


KamU 

River and Place 

■Widest Arch 

Curve 

Architect 

Date 

Span 

llisc 

Mcnat 

I'nlxiurg 

L V Koclio Bernard 
Pusth 

Niagara 

Soa over Monvi Straits 

V illty at tnbdiirK 

VUanvt at li.i Uoilic Bernard 
Dvnubo at I'eitli 
ht Lawrence at Niagara 

Ft In 
570 0 
880 0 
650 4 
C66 0 
821 4 

hI 

■ 

Deflection 

Deflection 

Dedvetion 

Deflection 

Deflection 

Telford 

Calley 

Leblanc 

X Clarke 
lloebling 

1820 

l8vo 

1846 

1850 

184S 


Iron Dritl'/n The first iron bridge erected m England was that built over the Severn, near 
Coalbiookdilo in Shropshire, by Abraham Darley, 111 1780, consisting of one arch of 100 felt 
Bjuii In the next year another iron bridge was built over the same river at Bmldwas, and a 
timd, having a span of 236 feet, and a height of 60 feet above tho water, was built at Wear 
mouth in Durham 

*' Ikon Bridges (Cast) 


Namo 

River and Place, 


Curve 

Architect 

Date 

Span 


Sontli'wvrk 

Sniiili rlaiid 
liiiiiciwos 

1 fir isi on 

M estininstor 

Llaekf liars 

Thames vt London 
tVear at Snndcrland 

Severn at iiuildvraa 

Rliiine at Tiirnscon 
'J liauics at London 

Xliaiues at London 

bt In 
240 0 
240 0 
150 0 
204 4 
120 0 

200 0 

Ft In 
24 0 
30 0 
27 0 
16 6 
13 0 
IS 0 

Segment 

Segment 

Segment 

Segment 

Elliptical 

Segment 

Rennie 
■W ilaon 
Telford 
Unknown 
Page 

Cubitt 

iEtS 

1796 

i8l6 

1859 

1861 

1870 


Iron Bbidges (Wbought) 


Name 

River and Place 

Widest Arch 

6nTva 

Architect 

Date 

Span 

Rise 

Britannia 
''alt'ish 
\ i( tona 

Cologne 

Sea ( VOT Menal Straits 

Uaraovzo at I’lymontli 

St Lawrence at Canada 

Rhine at Cologne 

Ft In 
458 1 
433 6 
33 ° 0 

313 0 

Ft In 

rs 3 i 

30 6 
3 * 8 

31 0 

e 

Tnbnlar 

Tubular 

Tubular 

Lattice 

'Stephenson 

Biuncl 

Stephenson 

Unknown 

1850 

iSeo 

1858 

i86e 


1 w o species of iron bridges h.y e been used to secure flat ways for railroads Bndges of the 
w by iron bra.^ed girders, which are cither Warren girdsrs (formid like the 

letter w repeated honzoatally), laUtce gliders, or bowstnvg girders. of these are 
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furnished by the railway bridges over the Thames at Channg Cross, Blackfnars, and Cannon 
Street Bndges of the second kind are supported by tubular girders, and arc therefore termed 
tubulac bridges The girders are hollow, and so large os to allow tho traffic of the bndge to 
pass in the interior They are composed of iron plates riveted together, forming at the top 
a^d bottom of the girder rows of e(piare cells The three largest bridges of this descnption are 
the Britannia Bridge over the Menai Straits, the Conway Bailway Bridge, and tlje VArtona 
Bridge over the St Lawrence 

Auihontu^ on Bndr/ei — Gauthey, Traits de la Construction dcs Fonts , Annales dee) Bents 
et ChauBsdes Weale’s Bridges Smilea’a Lives of the Engineers Hankinc, Aii^died MLoharacs. 
Eairbaim, On Tubular Bridges Clark, On the Bntanma and Conway Bridges Hodges, On 
the Victoria Bridge Stephenson, On Iron Bridges m the Encyc Bnt 
BltlUGE, WHEATS'rONE’S, is an arrangement for ooinpanng the electric resistance of 
mres , 1 ’here are several forms of apparatus for the purpose The folio wing descrijition w lU lUue 
tratc the principle of all — Imagine four thick pieces of brass, each provided with three binding 
screws, and placed, insulated from each other, at the angles of a square. Let them be callul 

A 

A, B, C, and D Thus D B Let then fonr resistances be inserted , two of them, which 

C 

are known, between A and D, and A and B , and two, which are to be compared, between D 
nnd C, and B and C Let the terminals of a battery be attached to B and 1 ), and the ternu- 
nals of a galvanometer be attached to A and <.* Now tho current wdl divide (sco Current, 
Divided) at B and D, and flow m the two circuits BAD and BCD, and there will besides be 
the wire passing roimd the galvanometer, m which a current might flow from A td C, or from 
C to A, if there were any electromotive force m either directum, and such a current would he 
indicated by the galvanoihcter But it can be shown that there will be no such an electromotive 
force unless a certam ratio exist between the resistances B A, A D, D C, C B, unless m fact the 
proportion 

B A AD BC • CD 

lioldfl, nd that if this proportion holds there will be no current Now, if either BA or AD, 
tho known resistances, is alterable, wo can put in resistance, or take it out, till there is no 
deflection of the galvanometer By this means we readily determine the ratio of B C CD 
Lastl}"-, if one of these be known in proper units, the other likewise becomes known 
BIir'iJ>'H A'jSOCIATION unit Tho unit of electric resistance determined on by the 
Committee appointed by the British Association for the Advancement of Science, to examine 
into tin qncBtion of the units of electric resistance. (See ifcswtance, Units of Elretiic) 

BIU nsH GUM SceDtafnn 

BRITT] ;ENESS (Anglo Saxon, to break ) The property of easily breaking It is 

generally possossec by hard and elastic substances, which only permit very slight dib^ilaccment 
of their particles without breaking It is a property not marked out by definite limit, but is 
the opposite of flexibility , so that bodies which arc less brittle are more flexible , and con- 
versely, as bodies become more brittle, they are less flexible Steel, after being heated red-hot, 
and suddenly cooled, becomes very brittle and hard , but if very slowly cooled, it is comparatively 
soft and flexible Glass, though very clastic, is one of the most bnttle substances known (Sco 
hlmhihty, Hardness, Elasticity ) 

BEOMAL A substance produced by the action of bromine on alcohol Formula, Cj HBrjO 
It is aualogoiis to chloral, and is a transparent, colourless oil of specific gravity, 3 34 It pos- 
sesses a pecubar pungent odour, and like chloral it forms a hjdrato contaimng two atoms of 
Water, and crystallises readily 

BROMIN E (j 3 pw/io!, an offensive odour ) A non metallic clement belonging to the chlonno 
group It 13 a liquid of a deep red brown colour, very volatile, and of a peculiar irritating, 
repulsive odour Specific ^jiVity z 966 It solidihes at— 22 ( — 76° FI, forming a hard brittle 
toass of a lead-gray semi metallic appearance Boihug pomt, 58“ C (136° F) Symbol Br 
Atomic weight, 80 It is slightly soluble m water, more so in alcohol, and miscible with ether m 
I all proportions Its chemical energies are very powerful , it unites with all elementary bodies, 
for the most part, well married compounds or 'bromides Bromine closely rescmblca 
tnlonue in Rs properties, bemg the second term of the chlorine, bromine, and iodine group 
forms several oxygen compounds, the most important of which is 
nich unites with bases forming brematea The principal compound of bromme is the hydrogen 
compound, or hydrobronuc acid 

Hydrobroniic And (HBr), is a colourless gas, having a very pungent odour It is 
^Rerly absorbed by 'Vater, forming a strongly acid solution which fumes m tho air On ex- 
posure to air It decomposes slightly, oxygen bemg absorbed and bromme sepaiated. Hydro- 
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faromic acid perfectly saturates bases, forming metalliG bromides, vrbich 1(011 be described under 
their respective headings 

BKOOKITE See Titanium Di-oxide 

BltORSElJ'S COMET See . j - 

BUBBLES The term bubble is applied to a great variety or ditferent conditions of liquula 
in rcl^tlon,to gases We shall confine ourselves here to the consideration of tho sue of bubbles 
of gas formed m tbe midst of a luiuid medium Tor further details the reader is referred to a 
paper tty the author of tins article, Jhocoedings K Soc , xiv , p 22 Ihe size of tho bubbles aru 
measured by ineasunng the volume of water which flows out of an aspirator, which draws a gas 
in the shape of a certain number of bubbles through a liquid The rate at which the bubbles 
are formed has httlc or no influence on^the bubble size Tho nature of the gas has also little or 
no effect the bubbles formed under like conditions of nitrogen, air, carbonic acid, oxygen, and 
Lydrot'tn, being sensibly the same The size of the bubble is also inafipreciably altqfed by 
in the ordinary atmospheric temperature and pressure With regard to the size of the 
onhte out of which the bubbles issue, it is found that the bubble size may be doubled by 
increasing the diameter of the tube five times But this relation vanes with the actual size of 
the oiiftee The ehemioal nature of tho liquid la of great influence on the bubble size In our 
senes of e\pcnmeiits, the bubble size of air through several media was the following — 
Mercury, 41 2 , glycerine, 1 1 45 , water, 8 60, alcohol, 4 80 , turpentol, 4 53, Ac 

BUNSEN S GALVANIC BATL’ELIY In this battery the cells consist of an outer vessel 
filled with dilute sulphuric acid, in which is placed a zme plate, and within this is a porous cell 
containing strong nitric acid, and having a pnsm of carbon immersed in it It is seen thus that 
the batteiyis a modification of Grove’s mtiie acid battery The invention of Bunsen consisted 
in making the carbon prism, which he produces by pressing together into an iron mould a 
mixture of coke dust and powdered coal, and then heating it in a fuinace A mass is thus 
obt lined, wlmh, after soaking in gas tar, pocsesses high conducting power Instead of these 
prisms It IS usiuil now to employ prisms cut fiom the h ird carbon which collects in the loofs of gas 
retorts. The chemical 1 caetion which takes plai e in the Bunsen coll la tho same as that 111 the 
Grove cell, the nascent hydrogen bemg got lid of by the decomposition of the nilne acid, ami 
the pol inzation of tlio conducting or carbon plite due to its presence being thus avoided The 
iluiiseii batteiy possesses the gieat advantage of cheapness over tliat of Giovo. 

BUNSEN S PlIOTOMETEll consists cssenti.dly of a screen of fine writing paper, tho 
transpaioncy of the central poition of which luis been increased by being satuiateil witli mfltcd 
speiiiuieeti Oil one side, at a distance of a few feet, is placed the standard light, usually a 
Hpunu e iiidlo of a particular make, and on the othei side the light whose idative intensity is to 
be .isei i-tamod Tlie two lights are attaihed to giaduatcd bars, and their distances from the 
Bcreeu iltciid until the'spots of grease on the jiajiei ceases to ho visible when viewed from either 
Bide. Th( intensities of the two lights will then be to one another as tho sipiaies of their distance 
from the screen (See P/iuluttuti 1/ ) 

lUh > Y ANl!Y When a body is imnicr»cd in a fluid (liquid or gas) and exhibits a tendency 
to rise, it is s lid to be buoyant Eor tho cause and measure of buoyancy sec J)i‘<placuiicnl of 
Ziti/iinli and iSperifii Oiaiily 

BUIINING IjENij By concentrating the sun's rays by means of a conv c\ lens of short foeiis 
in comp iiiioii to its dianutei, the hciit becomes eiioiToously mtcnsihcd With tho lens coii- 
Istruetid by Mr I’nker, a sheaf of rays 3 feet 111 diameter, was conccntiatcd into a focus of half 
an iiuh , at this point iikitnuun, gold, e<)i>per, qiiaitz, flint, topaz, giniet, asbestos, Ac , wue 
melUd ill a few seconds A lens for bunuiig puiposes need not be acliroinatic, nor constiucLeJ 
luth tint extreme prcciMon iicecssaiy m the ease of astronomical lenaes. (See Lem ) 

BUUNING M 1 IIR 014 Hee C'o/Kfiic 

BUTTER OF antimony Seo Antmony. 

G 

f'ABLE, CAPACITY OF By the capacity of a submarmc cable is understood the property 
which it possesses of accuimilitmg electricity just as does a Leyden jar * one end of a cable 
be “ i lit, ' that is, disconiu ted from the earth, iiid m fact msuLited, and if one pole of n battery 
be applied to the other end, tho second battery pole being put to eaith, a ciiiient is found, to 
flow flora the battery into the cable, and may be observed by means of a galvanometer placed 
I'l tween the batteiy, and the cable Again if by means of a commutaloi the battery be cut off 
flora the cable, and the cable at the same moment put to eai-th, a current will be found to 
flow out of the cable, showing that it was charged The fact is that aaubmerrred cable acts 
precisely as a Leyden jaT, the conducting wire of tho cable takes the place of one coating, the 
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water that of the other, while the inBelating material performs the office of the glasj or other 

non-conductor 

The jnductive effect here referred to is of very great importance with re'!pect to the wnrlung 
of submarine cables To it is duo the phenomenon known by the name of indvctnc tnittarna',- 
m'nt (which see), whif h causes both delay and the pecuhar slow exit from the cable of the signal 
(See also Elcctririiy, Vdority of) 

CABLE, SUBMARINE, is the whole compound rope used m submannb telegraphy It 
consists essei tiallyof the conducting wire through which the signal is sent, and of the lusulatmg 
coatiii" which prevents electrical communication between the avire and the water or bottom on 
which it lies , and around the insulator there is always an exterior coitmg of some kind to 
prevent the destruction of the insulator 'both dining the submersion and .ifter it \Ve shall 
bni lly dosciibe the i onstmction of a cable Within the last few years much exjiorience, oftc n 
ik Illy bought, has been gamed in making them , but the most important that have been lately 
submerged, namely tbo three which join America with England and France, anil those which 
conntet India with England have been thoroughly successful, and the pattern on which they 
are made is now very generally adopted. 

TLe conduitor is nude of copper wire of the very best (juahty. The choosing of the wire* is 
a matter of the highest importance , for, as Sir-W Thomson pointed out iii 1S5S, vi ly great 
dilfeiences are to be found in conducting powers of various specimens of copjicr wiio , cliffi leiiccs 
which may mako the rate of telegraphing 40 per cent foster or slower accouhng as a better or 
worse wire is taken Matthicsscn showed that pure copper wire is superior to all alloys, and 
cuiistrucLiou comjianies now reject copper whose conductivity is not 95 comjnrcd with pure 
copper taken as 100 'I’hc comluitor consists of several wiics twisted together so a? to form ,1 
rii()i Eoriiierly ono vvii 0 vtas used , but a number of wires twisted together is foimd miuli 
picfoiable, as one or two of them may be broken without any damage being done to the cable, 
whereas a single chick wire parting, as it frequently does at a buttle iJacc, comjdetcly uitemijits 
till coininuiie’ation In small cables three wires are twisted together to foini i lopo , lu a 1 irgo 
0110 SI V on ,uu used In the Atlantic cables the gauge of the strand thus fonuoil ia o 144 of in nnh 
'Ik insulate consists of gutta peicha and Cbatterton’s compound, which is a mixture of 
pihh ind rosmoua matter The wires arc first covered with Chattel ton’s compound, and the 
inti istiies between tlicni filled up with it , and by this moans tho pissago of water along the 
hli.iiiii IS TO venteil, should any rcich it by accident The strand is then passed tin ongh i vat 
contairiin, ’rcltt J giitki poicha, and is drawn through a die of a proper size so as to lay on a 
coatiiiL of tho reipurod thickness After this three layers of Chattcitoii’s compound and thre'' 
niori. cl .,1 eta petclia, are applied alteniatolyin a similar manner Tho gauge of tho eor^, as it 
IS c dk il, liter thi. insidating cevenng was apphed, was, m the case of Atlantic cable, o ^,54 
of Til melt 'Pbe c ivcring tho vvuic by means of scvi ralsutiessive coatings is of great impoitanci , 
fur it 1-. almost ’^possible to put im a single coating of sulhcicnt tluckness so that the vvjic sb-ll 
lie in tlic miikllc of it , ind there is great danger in doing so, of leaving air bubbles within it, 
whiili, being penetrated by the water, permit tho copper wiie to be exposed to it 

In outer to protect the coic tlius formed frommjuiy it is now overlaid with wot tanned hemp, 
and over this serving of hemp, iron wires aie Liid spirally along the cable The hem]) piutcits 
the cole from injury by the iron wiies, and the iron, vvircs give the sticngth to tlic cable, vvkith 
1 neccs-,airy diiruig tho paying out of it from a ship, and vvhnh prevents its being cut and de- 
stiojcd by locks and urn vcimcsses of tho ocean bed The non win s are galvamscd to protect 
thiiii from rust, and m some cases are scjiaratcly covered with a serving of hemp 
Under Atlantu, Tdtijxaiih some particulars with regard to the most luipoitant exibting cables 
will IjL fonnri 

cacodyl SccAisfiuc 

CADET’h FUMING .LIQUID See Arsmic 

CADMIUM A metalSa clement associated in nature with 7inc, discov cred independently 
by Stiomcyor and Ilonriaiin , Atomic weight, 156, Symbol, Cd Cadmium is a wift white 
iiictal witlj a slight bluish colour It is subccpliblc of a high polish, but taniishca iftci a slioi-t 
hmo It highly cryjtaHmc, and when bent, crackles like tin It is very malleable and dne- 
hlc , fuses below idilnoss, and volal^bees below the boiling point of meremy Cidmium 19 
rc iililv soli ble in dilute acids, and forms well defined salts In chtmioal charai tcnstics cadmium 
stiniigly resembles zinc, and is obtained ui commerce as a by-product m the inanufxcturo of this 
Ofelal The principal compounds are the foUowmg — - 
I ntoxidc of Cadmium Cd^O anhydrous, and CdHO in the hydrated state The former 
o a brownish yellow powder, formed when cadmium is igmted in tliC air Tho latter is a white 
precipitate, obtaiacd^y adding an alkab to a solution of a cadmium salt. 
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Brormde of Cadmium (CdBr) A beautiful pearly ctystalbue compound, formed by the direct 
union of cadmium and bromine 

Chloiide of Cadmium, (CdCl) A transparent micaceous crystalline body, formed .when a 
solution of cadmium in hydrochloric acid is ei apoiatod and crystalhscd , m this condition it 
contains one cipiivalcnt of water, whitli is evolved at a hi^jber temperature 

lothde <f Cadmium {CCi\) This is easily prepared by the direct union of the two elements 
undci'Watcr or altoLol It forms l-rge tr.uispaicnt siv sided crystals which melt easily, and .it 
a Icnipcratuio sublime, with [i.irtial decomposition The three latter salts are much used 
in photo;,iaphv. Tin sceouiit of thi ir solubility in ilcobol 

iiidiilude of Cadmium (CdjS), occurs native as the mineral Orecnockite, and is prepared arti 
ticully by pas-.in<f sulpliurcttcd hydrogen through a soiution of a cadmium salt It is an oraiiLi-t 
yellow powder pcriiiaiicnt in the air, irid unaffected by atmospheiic impunties , hence it is of 
gr..at valiu' as a pigment, known iindci the name of Cadmium Ydloia 

Cyl'lblJM In astronomy ( ibhreviatcd liom Cala Sculptoiia, the sculptor’s tools), oue ot 
L ic iille's southeiii constellations 

(UtijlUkl (Catiius, sky blue) An alkaline metal discovered m i860 by Kirchholf and 
Bunsen by meins of spectrum analysis, {wliieli see) , symbol Ca , atomic weight, 133 in 
It, elii mie il rpi ilitics the compounds of cmsium are closely allied to those of potassium One of 
the most niiport.iTit eh iraeteiisties of o.esnnn is its spectrum rciietion, which exhibits two blue 
hues elosi together, from the colour of which the name is derived 

C Ah I' IsIIsJij , or. Thane Awhile eryst.dliuc substance evtracted from tea or coffee It 
u nt-edle-s which have a slightly bitter taste, and contain 

Cair,„N 0j + H,O ( alfune melts at 178“ O (352° T) and sublimes without decomposition 
at a Inj'lu i tcmpcratim Tt is a weak bas^c, and forms salts with acids 
Hu* Qiiatlz 

CAliAlSflM'l, SILIOlOUS See Sdicates, Silicate of Zinc, 

CAliO HJ'All See Jechtvd Spat 

C A Id ; HIM Tho nietallie lusia of lime, first isolated by Davy in 1808 It is a bght 

very ductile and malleable, and pobsessmg a specific grainty 
* 577 ^ It water , and when heated, bums with a very bnt^ht flash 
atimiie w< ight 20 . symbol, (H The most important compoumU are the followmg _ ’ 

Oxide of Ciduum, or Lime (t.i_ 0 ) In the anhyilrous state this oxide is known as Quick lime 

™xedlwVh''LVi ''^' r‘'"V''"^''"'''Y ’‘“Ml'^'t-stone or chalk) in kilns, tho mineral bung 
i ^ tai borne acid lapses off at a red heat, and lime is left behind Piirt 

•at of ‘ "peeific gravity, 2 3 to 3 o , is infusible at tho highest 

tZlitV to a dry ’white powder This 

'1' r,. 1 1 ^ containing many impurities, such as silicates, slakes slowU 

whole of the witTr'ls dn" wystalhsing from its aqueous solution in prisms, the 

now I ifid b IS . J, \ ‘’•t “t a ceil heat , the solution is alkaline to test paper Lime is a 

numumls ’ “ ^“^ts Its uses in the^ arts arc very 

■ reeiblv 1.. r, tile resKfuc It forms a white porous mass, which attracts watfr 

-‘l eases’ It crystallises with 

cj^staTh^d m Vwe miff ' It ahumhintly m nature, as Pluorapar, frequently 

hS massed IS l-'b and^enm 

the Uelh and holies of anmmls It is nuu h'n r , 7 ^ n also occurs in minute quantities in 
Pho'^iihtdc of i\tlc)u)n A ilnil I ii''Cd OS a flux 111 metallurgical operations 

rod Loti me 'n l-rtparcd bypassing vapour of phosphorus mu 

tiiu'ously o„ coming intc contact with air or oxy^fen gas’ hf which take lire spon 

'rho I/Ktr or period of the sun s ii)ivit/,ii-’,. to the usages or wants of civil life 

t ill moilcm c-vleiidars The rfai/ ^^peuod*^of^th^S.’ss””“"‘^ sidcre^ heavens is the basw 
hi Wilis around the c.irth is the pnrcipil suKhvitmn sidereal 

tho ntum of the season, the dav will. ,■ f ^ year is measured with reference to 

returns of the sun to the mendian J3ut^ m fomm average inter vaP’ separating successive 
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This would not be the place to enter into a full account of the vanou>i proccstici by ivhich 
men hare gradually made the calendar coritsiiond more and more closely with the aetiial rela- 
tions presented by the astronomical year It will he sufhuent to refer the reader to the full 
treatment of the subject by Professor de Morgan m the Companion to the Almatiae, 184^, and 
to Sir J Herschcl’s account in his Outlines of Astronomy What more immediately c^meciiis 
us here, is the relation between the calendar at present in use, called the ^reijoiOtn, and that 
devised by Julius Coesar 

In the Juhan year, as in the more ancient calendars, the month was used as a convenunt 
subdivision, twelve months Leiiig included in the year, because the year more nearly contuns 
twelve than any other number of exact lunations The several months cent uiied as many dajs 
as according to our modem use Thus the ordinary year cont lined 365 days 1 ’ very fourth 
year eontaiiied 366 days (see Jiiwxlile), and no further arrangement was made to hung the 
tivil js,ar into accordance with the actual length of the astronomical year Thus four yiats 
contained 1461 tlays, instead of l46od 23I1 15m o i8m , so that, supposing the Julian ycai to 
he exactly accoid ant with the jirogrcss of the seasons at some hxed epoch, the scveial dates 
would gradually fall more and more 111 advance of the seasons, the amount of tiror being alKmt 
44 J minutes in four years, ih 2 ()\m in eight years, and so on , or with sufRciciit ajgiroximatian 
we may talcc error to be tin ce (Quarters of an hour m foui years, and, therefore, one day 111 about 
128 yiais (more exactly 128 88 years ) 

It followed that, as century after century passed, the equinoxes and solstices fell giadiially 
away from their true dates, occurring latlur more thin three days too late in the call udar y'car 
at the end of the fourth century, more than six days too late at the end of the eighth century, 
and so on 

It was to correct this state of things that the calendar now m use was devised by Pope 
(Ircgi'iv XIII It differed only from the Julian m making all the years divisible by 100, but 
not by 400, common years It thus provided for the omission of 3 days m each 400 years, as 
loHipared 'vith the Juhan calendar Now wo have sieen that m 128 9 Julian yeirs there was 1 
day too many, or 3 days too many in 386 7 years , so that the Gregorian calendar only leaves 
uiiei rected 111 400 years the amount of error wrhich had before accrued m 13 3 years IJy v 
fiirtlicr arrangement, dropping the extra day belonging to the years 4CXXJ, 8c)oo, &c — th it is, 
by making these years common years, the Gregorian calendar would further provide for an 
orroi e( invalent to that arising in 133 Julian years, a correction of l day, which would cause 
on < vci cii rcccion in 4000 years, corresponding to the error which actually accrues m 4 Julian 
yi ir- - +hat IS, corrospondmg to about three quarten. of an hour This improvement we may 
safilv h ave to a remote posterity, an arrangeinent which causes an error of less than a day 
in 4000 years being suftciently exact for all the purposes which a* calendar is intended to 

suh-^i 1 VC 

Will ti the Gngonan calendar was first introduced into Cathohe countries in 15S2, 10 days 
had to be dropped All the Protestant countries except Unglind adherc'd to tlic old style till 
the year 1700, when the correction was still effected by a ch ingc of 10 ekiys only, the year 1600 
b< iiig, aeCorilmg to the Gregonaii calendar, bissextile Put England maintained the old style 
till 1753, and then the correction involved the omission of ii days, the day following Sciitcmhcr 
2d lieviig calk'd the I4tli, instead of the 3d of that month Kussia, and all countries m com- 
munion with the Greek Ghureh, still maintam the old style , and should they idopt the new 
style before igco, will have to omit twelve days , after 1900, and before 2100, the corrcctiun 
Will hi. 13 Jxys 

GALIJ’PK! PERIOD See C^de 

CALMS, REGION OP A belt about 4” or 5® xn breadth, extending across the Atlantic 
and the Panhe, somewhat variable m position, lying in about 25° N lat m July, and travelling 
thence to about 25“ S lat, in January It is generally parallel to the equator The harometnc 
piessure over this region is4ow 

CALOMEL Hec AlercurJ/ , CJihndcs 

f'ALOllKSCENCE (C'afor, heat ) A term introduced by Professor Tyndall to designate 
the transmutation ^of •invisible beat rays into rays of higher rcfrangibihty, that is, into visible 
lays W xlhain IIcTsehel discoVei ed the fact that, beyond the red end of the speetmin, 
there are invisible heat rays of great intensity Suppose a sunbeam is caused to pass through 
a pi 1 sin. It is split up into rays of different refrangibility, occurring in the ordei of violet, indigo, 
hlne, green, yellow, orange, red This experuuent constitutes tho so c<allcd decomjiosition of 
white light, and was first made by Newton Sir W llevschel, ip passing a delicate tlicrmo- 
Dieter through the ’^anous portions of tho spectrum, found that the temperature gradually rose 
^ It passed from tho violet to the red end, and the red was found to be the hottest portion 
ue then moved his thermometer mto darkness beyond the red, and found an mdication of a 
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coimderatle amount of heat, — in fact, a greater amount than had been found in any part of th“ 
visible spectrum It was thus clcaily demonstrated that invisible heat rays accompany the 
visible light rays emitted from the sun The relationship of the heat spectrum to thw hfrht 
spectrum has been determined by Sir W Hcrschel and Piofessor Muller m the case of the 
solar spectrum, and by Professor Tyndall in the case of the spectrum ot the electric light. (fJeo 
Heat Spfctmm ) '^'he last mentioned physicist, in attempting to sift the luminous irom the calo- 
nhe ray/i of the total radiation fraa the voltaic arc, tried various substances with a view of 
fimling something which should f a! off the whole of the hght, aud allow the heat to pass. Ho 
ultiDUtily deciilcd on using a solution of iodine m bi sulphide of carbon The bi sulphide alone 
■was found to u.bsorb only 5 2 per cent of the heat lays passing through it , and when lodme 
was added untd the solution was peifectly opaque, the absorption of boat was scarcely Increased 
while the absorption of hght was roinplete When a beam of hght from the sun, or from the 
ilcitrc lami), was passnl through a layer of this oiuque solution, and concentrated bya lens 
the ilaik heat r lys wcif brought to a focus, at which intense calorific effects were manifested ’ 
black pajjcr vi.is instantly set on fire, gunjiowder and gun cotton were exploded, and thin pUfiLs 
of tin and /me fused At the dark invisiWe focus, cirbon was brought to iiicanJcsccncc ind 
eaused to fiurn vividly , blackened siher leaf was brought to a red heat, copper was meUed 
and plaLmi/cd platinum rcndcicd incandescent It was necessary in these expeimicnts to 
blacken hnglit sarfaccs expose I to tlic focus of .Urk heat, otherwise the reflection of he.it would 
havcbccnso.onsidciabkthitthesuKstancowouldnol have absorbed a sulhcicut amount to 
raise it to a red hi at Here, by ultra red invisible heat rays, Tyndall raised metals to u - 

virtu own— and we perceive at onco that this is 
« n n ^ trsnsfonnvtion of myisible rays mto visible nys TJio nltra-rcd lays possess low 
rcfiaiigil.dity , the vihrations vvLiili produce them .irt long, and move too slowly to\)ioauce in 
usllu scusiUou ill vision they f ill is da.k imisible heat on the platmum.'or oLci metal 
rased to iinandesci lice, luJ they leave it as light, the slow vibrations have become quicker 

I*™ '““"i *»!.■« »i 

The ti iiismulation is coiiiplcte Thi invisible heat rays arc not converted into light of nno 
kind f,., wluu 1P.1..C of white hot pUmum is exanuned by moans of a pi ism a cm,, X 

(Su ilso J/,,d ) ’ ^^whcrc, it is .imong the youngest of the scienct'- 

till V id'o,>t It tfthc ’.amount S iaciw?^,^i to designate the unit of heat which 
dupois) of wiUron. dcgrie uiiii.r, „lo lu timni^it,-,, / kdoryamme^ (2 20^6215 11, a avou 
wIku couvcitid into iiicih line, il fmcc is commPnV^i''’ o to 1“ C A calori 

hughtof 425 metres ^oiio metro is equal to ^ 2SoS«o*"/Ti'^ '* kilogramme to i 

gi.iiniiic thiougll .1 s],.iii of 425 met! Ji jenresenfs coi^vorscly the f.ill of I kilo 

lait Ilf , t lilt Ilf J/rni ) ^ ^•*®^®'^*oii' 5 'J>*lorie (ycQj/ec/iaiucttf/.’2«inf- 

(' VLOltlbTC CAPAC TY See &fe// 7 c ffew/ 

PALOUIMKTKU . Calouiutfr^ 

its use, w L hav 0 niLiitiould tli.It it militates u i*au*o w thermometer and 

v< udllion of a body m legud to sciiMble liuat that m Ih amounts of heat , it shows thi 

aiuoimt of heat obsorbid or emitted by a siibstai,o« t'-iiH'erature of the body, but the real 
me, lies Caloimclni la t1- 1 branch of the scienco nf li.^T'^^i Ity themiometrical 

nient of heat, and the instruments cmploved for surh treats of the* aiisolute measur- 

es employed for such determinations are called OalormcUu 
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TLo etistenco of two sucli tcniw as Thnninnietry anil Valumndn/, m tlic fc.unt sc mire, is 
undoubtccUy unfortunati,, because as fai an their derivation is coueeniisl, they niie;ht Imth thinly 
to the ^inc classes of phenomena The thonnometer was invented and named befccre pdoiiinetty 
had been even thought of, and when the litter e line to lie piaetised, it was tliou^ht that no 
^rm whieh did not evjness the me esnreinent of heat, could with any justice be applied to deti'i- 
minations of absolute quantities of heat, .uid the only convenient term remaining w as jalortnii tiy 
It would be preferable to call the Iherinometei a t/urmosi ojii, and the CKiIorinleter a tlnniwmrln, 
hut it 18 uni koly that the latter term, from its comjiaiative antiquity, will ever eeasc tcjMie useci 
lu its picscnt form 

For the exact measurement of heat some umt is requisite, and by reference to the article 
entitled Vud vf JJtat, it will he seen that three forms of tliennal umt aie inqilojcd to wit, the 
amount of heat necessary to raise i Ih of water from 32“ to 33’ F , or the amount netesvaiv to 
raise l Jb of water fiom o" to 1*0, or again, the French unit cn Cuhmi, \i2 , the immmt of 
heat necessary to raise I kilogramme of water fiom 0° to 1° C 'J'lic ab-.olutc quantity of lie it 
ibsorbed or given out by substances m passuig through a given lango of teiiqii latiire loinp ired 
with that absoibed or given out by water under similai cuiidiiions is called its spirc/ct /i(at 
(vvliieh see) , wc have here to ovimine the vanons methods by which specihe heat is detci mined, 
m otlier w'ords, the various processes of calormvetty 

Three pniicip il methods are employed for the di termination of specific In at Tn the first tho 
heat IS measured by the amount of leo w hieh it melts , lu the second, knovv ii us the uuUtinl of 
Its, bodies of different temperatures are mixed with watci, nul the he it c ilenlatcil fiom 
that of the mixture , and in the third, or nuthod of coolin^j, the heat is deteinuned by noticing 
the time vv Inch a body requires to cool. • 

1 DiUi mttiahon of Sfiaijic Heat hy Fusion of Jee — Tbo first and rudest form of ciloiiinttcr 
vv IS a 'jloek of ice ccmtaiiiing a cavity covered by a lid of lee , a know n vv i iglit of tlie subst me e 
t ) lie e\ iinned, at a known temper itiire, was pl.iced in the cavity, and when it h id i ookd dow n 
ti the ti mpcraiurc of the suriouiuhng ice, it was removed, and tile eivity vv is wiped diy bv a 
wir bed cloth, which, on being again weighed, obviously gave the weight of watvi resulting 
fioiii ‘ 10 fusion of tho lee by tho substaiieo lutroduced This talornneter was employed by 
]j 1 k k and Wiik< , it vv is gie itly iinjiiovcd by Lavoisier and liajil lec, and used by them foi tlio 
dvtii mnation of the siioovfic heat of a nuudier of Rubstances The instiumint in its impiovi d 
foim IS 1 uowu as the' Ire Cidot imctci , and consists of three coiiccutiie vessels, mtlii inneimostof 
whiil' tin substance whose specific heat is to be detenmned is placed, the surrounding vessel is 
filled wdh ice, and is provided with a taji for drawing off tho water, while tJie“ outermost vessi I 
iilso 4 lit ms ice, and is for the jrarposo of preventing the melting of iie m lliu inteimnli ite 
Vessel, by otlier meaiH than the he it of the vvarm substance m tho t^iitial vessel Tlie elm E 
obji ( tiun to this instrument is, that the actual quantity of water lesultmg fioin the fusion of tho 
lei , e mnot in f cnially determined, beeaubc some remains iii contact with the uiimilted ici 

2 Mdhod of Mixturis — According to this method, a known weight of tho substance whose 
'\ii eific heat IS to be dotcnniiied, la heated to a known tempciaturc, and is then imunisidma 
known V' Light of cold w. iter, tho precise tenqiei itmc of which is noted The teni})i 1 itiiie 
which results from the immeiaion of the warm body, when both it and the w atei possess the 
same temperature, is then obaerved, and the spcufic belt of tho immeiaed aubataneo e>ilei)l ited 
thcrefiom 

3 Mclkod of Uaalini} — AVhen cipial volumes of different snbstam es at the same temperature 
lie .illovvbd to cool under preoisoly similar conditions, the rate of eoolmg is foinul to v iiy eiun 
udiiably It has been found that equal weights of different bodies tool through the simc 
iiimibci of degrees of temperature in tunes which are directly as tlmr spccilie heats lienee the 
a]iplicaticin of this method to such determinations It has been chiefly eiuployod by Duloug 
and Petit, in ' by Itegnivult (Sec also jS'pui/ic Jlcat ) 

CALOTYPE PROCESS (koXoj, beautiful, and riuror, a reiircscntation ) The name given 
by Afr Fox Talbot to the photographic process first discovered by him It consisted esscnti illy 
ill soaking good wcnting-paiier, first in iodide of pot.issium solution, then, after diyiiig, 111 ,1, 
iiiixturo of nitrate of gjlvtr solution, acetic .icid, andgilhe acid, in a dark room, and esjiosing it 
to the luminous iin.tgc in the camera, for a Bjiaee of time varying from a frac tiou .of a inmuto to 
lialf an hr ur or more After exiiosure the paper is agam soaked in a solution of nitrate of 
silver and galhe acid, when the latent image giadu.illy makes its aiipt.u inee, and is fixed by 
hronude of potassium or hyjiosulplutc of sckI.i solution This imago 11 called a negative, and has 
tho light and Hhadow reversed To prCeure fiom it a jiositive, having the light and shade as m 
^aturc, it 13 placed over a aheet of sensitive chlondo of silver papn and exposed in a pressure 
frame to sunahixe *1110 paper la then washed and the imago fixed with hyposulphite of soda 
The proceas, of which the abov'e la an outline, is historically mtei eating as hemg the first prac- 
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ticable photographic process discovered It is, however, now superseded by the collodion 
process, although for brilliancy of effect and artistic appearance soino of tho early calotypo 
pictures, especially when of large size, have never been sur|)assed This is also calj^d tho 
Talbotype process ^See Photography ) 

CAMBLEOPARUALIS (In astronomy, The Giraffe ) One of the constellations added by 
Hevelftis to, the northern star groups It belongs to a region of the heavens in which stars are 
but sparsely 'distributed It would bo well if the inconvenient namo of this constellation were 
exchanjfed m favour of Camelm (tbi camel) 

CAMERA LUCIDA (Light Chamber) An instrument contrived by Dr Wollaston for 
taking drawings of landscapes It consists of a peculiarly shaped pnsm of glass which is fixed 
close to tho eye, a sheet of paper being placed at a distance convenient for drawing upon By 
double reflc’ction in the pnsm the image of the landscape is made to ajipeai projected on the 
paper 4and its outline may then be triced with a pencil The camera lucida is frequently 
replaced for micioscopic purposes by Soemmeniigs steel mirror or a neutral glass refleetor 

(CAMERA OBSCURA (T>ark Uhamher) A convex lens has the property of pro)cctin<T a 
reduced image of an object which is in trorit of it and if precautions arc taken to cut 011^11 
p'ctriiicmis light, to haie tho lens of the moat fitting curvatures and focal length, and to receive 
the image on an appi-opnate surface, tho appearance will be very beautiful The old form of 
(! iiiicra Obsrura consisted at a simple convex lens fastened into a bole at one end of a box 
whilst a li.tgnnal mirror at the other cud rcflcctcil the rays upwards upon a sheet of giound 
glass, at thi top ot the box, on which the image was viewed by an observer standing above a 
screen cTit off side light from the ground glass The camera ohscura is nowahnost entirely 
conimed to 'xihotographic purposes, and the shapes and fonns arc varied according to the 
requirement'' ot almost cadi operator The lenses are con ei ted so as to bring the visual and 
chenucal ia>s to the name locus, and are cither single or compound, according as poi traits or 
landscapes me principally icquiroil to bo taken For portraits, a combination of lenses is 
cmplojeil by which a large aperture and short focUs is secured, giving a highly luminous imago 
but notuivcnng a large hi Id, whilst for landscape purposes a single achrom itic lens is preferred 
and the aperturo is somewhat reduced so as to obtain a largo flat field with near and distant 
objects in jiractically the same focus Eackvvork ailjustments arc used for the lens, and gray 
glass focussing screens, and in tho best instruments this screen, together with the dark slide 
carrying the sensitive plato are adjusted so as to be inclined at any requisite angle (See 
Calotype, Photoyraphy) o V 

CAMPHOR A white, waxy, and semitransparent substance, crystallising in octahedra 
It milts at 175 C (347° F ), and boiLs at 204° O (399° F ), although it ■,ubhines to some 
ixtont at tho ordinary /empervture Formula Ojnlfi„() It has a strong .aromatic odour, w 
very shu'liUy soluble in water, but very soluble m alcohol, ether and oil, and it bums easily m 
tuo air, evolving much ‘•moke 

(.AMlIlOH, ACTIONS OF, ON WATER When some fragments of camphor are 
tiirovvn on the surface of clean water, contained m a chemically clean gkiss, they become 
eiHlmvcd vvith lively motions of rotation and progression If, while thus in motion, tho water 
Tu* ^ or With a speck of oil or greasy matter, the motions are immediately 

arrested Ihcse phenomena have excited a large amount of attention on tho part of scientihc 
men liming nearly two centunes, and the various thcones on the subject are desenbed by Mr 
lonihnsoi., in a volume published m 1 803, m Weale’s Senes, under the title of ExpcnmenUl 
^ Mnyazme f„r December 1869 ) These phenomena have only 

Tension ^ satisfactory explanation, an account of which is jfivcn under Surface 

or aifJS (In astronomy, the Crab ) A sign of the Zodiac The sun enters this sign on 

mnB 1 ^ ^ T 22d of .Tilly The first point of the sign 

ma ^ the summer solstice, and tho declm ition parallel through this.pomt is called the Tropic of 

Witbii. Cancer now occupies the place corresponding to the sign Leo 

eitlmp HI* P *r btar^up, called tho Prmsepe, or the Bee hive, on 

timifmSntSliv ) One of the northern constella 

ntbiilp ^ ithin the limits of this constellation are several very rcmaikable 

tvvecn^Ti?iY^^^a^^^^ 1 ^ name given to the forty days of tho year be- 

Smus August II. The name is derived from the Latin nai^e ot tho dog star 

Bmus Ihis Stax rose leliacally about the begm^ng of July, (seo^/fe*acaZ) . and the 
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ancients ascribed tbe great heat of summer to the influence of this star At present Sinus 
rises heliacally at a different season 

CANICULAR YEAR. The Egyptian year has been so called because it was determined 
by the^eliacal nsing of the dog-star 

CANIS MAJOR (In astronomy, the Creato- Doy ) One of Ptolemy’s southern. constelLv- 
tiona This constellation mcludes the star Sinus, the bngbtcst of all the fi’tcd stars 

CANIS MINOR (In astronomy, the Lesser Doy ) One of Ptolemy’s fiouthem constella- 
tions The bright star Procyon belongs to this constellation 

CANOPUS (Egyptian ) The star a in the constellation Argo It is the bnglitcst star in 
the heavens, with the exception of Sinus only 

CANTIIARIDIN The active principle of cantharides (Spanish Ely, Lytta ifsirufoim), also 
contained in Chinese canthondes {M ylah is Cichom) In the pure state it forms colourless 
angled^ four sided pnsms which melt at 200° C (392° F ), and volatih&e below that tempera- 
ture, evolving white vapours, which are intensely irritating to the eyes and throat It is 
msoliihle in water, but elissolves readily m alcohol and chloroform Formula CgllijO. It 
has the vesicating poAver of the Spanish fly in a very high degree 

CAOUTCHOUC , or, India liuhher A highly elastic substance, obtained from the milky 
sap of the Siphonia Masttca and other arboraceous plants It is cohmilc'^s ami nimoit 
transparent in the pure state, but as ordinanly met with it vanes from yellowish blown to 
black At the common temperature it is soft and flexible, but at the freezing point of uater it 
becomes hard and unyielding , between 120* C and 20 ct‘ C (248° I to 398” F ), it melts to a 
viscid mass which does not dry Caoutchouc is a non conductor of elcctncity , it is insohililc in 
u ater, but soluble m ether, benzol, and bisulphide of carbon When heated with sulphur to about 
112“ C (234° F ), it IS ronv'crted into what is called Vidcani'icd India ItidJnr, whuh lies the 
\ duable property of remaining flexible at temperature between 0° C and 50'' (' (jz” 1’ and 
122“ F) When caoutchouc is heated with half its weight of sulphur, to between 100° and 
iso" C (212° a id 302° F), it becomes converted mto a hard black mass, of the coiisistnKy 
of ivory, known as ebonite Tho composition of caoutchouc is not defimtely known , it w, 
howi tr, a hydrocarbon 

CAPACITY FOR HEAT See Speeijie Hmt 

CAPACITY, SPECIFIC INDUCTIVE A term apphod by Faraday to inrlicatc a dif- 
ference m the powers or capacities which vanous ihclectnes pos'^ess for transmitting st itieal 
iniluetiA’c influence across them When a charged body is brought near to an uncharged body, 
induction takes place that is to say, the uncharged body becomes temporarily c \eitet] 1 f it be 
a cor. due cor, and msulatcd, electricity of the kind opposite to that with which the first body is 
charged, appears on the side near to it, and electiieity of the same kind on the remote side* 
(See Induction^ Electrostatic) * 

According to J'araday’s discovery, the amount of this excitement depends upon the matcnal 
between the plates, or the dielectric, as it is called Numbers expressing this clifferc'in c with 
reference to some cximmon standarcl are called the specific inductive capacities of the suhstanees 
In order to examine the specific inductive capacity of vanous dielectncs, Faraday lived what 
was prac tically a Leyden jar, the insulating poition of which was capable of being rhangecl 
He constructed a hollow metaUic sphere, having a hole or short neck at tho top Through the 
hole passed a thin metalhc rod, carrying a metal ball, which projected into the inner njucc, and 
was msuKted from the neck of the metal sphere by a plug of shell-lac The outer end of tho 
metal rod was furnished with a small knob He was able to hll the inteiior cavity of the 
apparatus with the material which he wished to examine ITaviiig jirejiaicd two such jars, 
similar in every respect, and containing in the interspace the substances ho wishcil to cv.amme, 
he charged one, measured the charge, and then connected the outer knobs of tbe two together 
If, then, the inductive ijapacity was the same for both matenals, the eh.vrge divided itself 
equally between them , bat if not, that apparatus whose dielectric possessed tho greater specific 
inductive capacity obtainecf the greater portion of the electricity, and just m tli.it proportion 
Ihus, one being failed with air and the other with shell lac, on eonnecting tho two knobs together 
and then examming the .distribution of the charge, the latter was found to have twice as much 
vlcctr’eity as the femicr The specific inductive capacity of shell lac is therefoio 2, if that of air 
be called unity The followmg nunibent represent the specific mductiv o capacities of varioua 
substances, air being taken as unity — 


Air, 

I 00 

Wax, 

1S6 

Spermaceti, , 

*45 

Glass, 

1 90 

Resin. , 

I 76 

Shell lac, 

2 CO 

Pitch,* 

180 

Sulphur, 

2 24 
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The specific inductive capacity of all gases m the same 

According to h'araday’s theory induction takes place by ineans of the polarisation of the 
particles of the dielectric between the two conductors Those dielcctncs, whose partij^les are 
most completely polarised, possess the highest specific inductive capacity 

Faraday’s Experimental Researches, senes xi xn xm xiv (published in 1837 1838 in the 

Transactions of the Royal Society, and rejiublishcd m a separate form) 111 ly be consulted on this 
subject/ • Afso an instructive paper by Sir W Thomson (111 the Cambridge and Uubliii Math 
Joumal,'i84S, also repubhslicd) on the mathematical theory 

CAPELLA (I’he young goat or kid.) The star a in the constellation Auriga It is one 
of the brightest st.irs m the northern heavens 

CAPILJiARlTY {Capitlus, a hair ) When \ very wide glass tube, open at both ends, is 
plunged into water, the water is raised up the sides of the glass aeconling to the law given in 
“Adhesion between Lupiids and holuls ” Tins takes place both on the inside and outiido of 
the tube If the tube be very narrow the cniire level of the water insidii la found to bo higher 
than that outside This difference is greater the narrower the tube If we i)limge such a 
narrow tube into mcrcuiy instead of water, a similar difference of level is observed. But 111 this 
case tho iiieietiiy in ttio tube is depressed below the general lex el In short, when 2 A is 
grcMter th iii (see Adhesion between LKpiids injl Solids), that is, whenever the liquid wets the 
solid there is a rise of the Inpiid in the tubi , whenever the reverse is tlie case there is a de- 
jiTC'ssion Oil taking tubes of uniform and various diameters it is found experimentally that the 
height to winch tho liquid rises is inve'rsc'ly proportion il to the diameter of the tube or to the 
squire root of its sectional orci The same law holds gooil when the liquid does not wet tlio 
tube, and wh#ii accordingly there 13 a dejin'ision of the liquid in the tube 'Ihe force ivliicii 
produces these phenomena is called the capillary force or capillarity, and the tubes in which it 
IS exhibited are e qull ixy tubes 

Tt ippe irs ilho from experiments that the height to which a liquitl rises m a capillary tube 
wbieli it wets, is, uuder the siiue conditions of t< miicralure, directly pioportional to the sjiecihe 
gr ivity of the liqui<l, so that the heavier liquid uses the higher Phenomena of .capillaiity also 
takes jjlaee lu iiinuinei ible instances in siibstauees having inegular small eavitios, such 111 fact 
.us are jMirous In such a solid the Inpud which wets it will rise higher according to the small- 
ness of tlie jNires, 'I'liiis it will nse higher m a mass of clulk than in one of sandstone. Tho 
rise of liquid, by caiullaiity IS of gre it im]Kiit.meo in tho munal and vegetable world Tlie 
long c ells of which woody libic is lu vmly foimecl are of suflicient minuteness to affect th© dis- 
tiiliutioii of sq) through groat distances, and when through ev.rporatioii or sohdihcation a 
poitioii of the liquid is removed its place is cjnickly supplied by capill iry action 

111 tho inilj>is of gisep the effect of eapillaiity is of some eoiisiderable imporlaiioc Such 
anilyscs, 01 tho me isuiomeiits attembng them, are usually perfoimed in gliss tubes called 
“Budioiiii tcTs,” the liquid used being niercuiy These tubes are generally ho wade that the 
dojiression of the iiinti Mufaeo of mercury (in reckoning the volume of the gas above the 
nuTciir^) duo to rqnllanty is iieghgibli But, uspc'ciilly when small cjuantities of gas are 
undci e\ iiiiiiiatioii, tlio depression aiound the edge of the interior mercurial column is a 
Biiisiblo fiiction of tin c'litire volume aliovc So that if the lube be cahlirated (its contents 
aoliiiiiLtneally dcteniuned according to a scale of length) according to tho volurnGB above 
hori/ontiil pl.iiies, tlio volume derived from the re'ading of the central height of the mercury's 
Huifaec will be too small The curved surface of the mercury is called the “meniscus ” Tho 
cnoi HO ineuiTcd will, m fact, bo dou|plc the error duo to the meniscus if the tube be calibrated 
in the ordiiiaiy w ly by inverting it and fomniig a table by re.admg the height formed by tho 
centie of the meniscus when successive known volumes of mercury are added , for, dunng tho 
latter operation, a meiiiseus is formed in tho opposite w^ay in regard to the tube " The diffeience 
of reading vvlicn the surface of the mercury is fiat, and when it has a menisi us may be once for 
ill aseirtamed by wetting the surf. ice of tho meicury with a chop or. two of corrosive sublimate, 
wlure.iuon the meniscus disappears The author of this article prefers to calibrate tho 
cuihoineter by introducing mto it successive equ.il volumes of air when it la in its normal 
jjosition, wheicby the meuiscal error being constant, the observed reading correaponds with the 
actual V obiine ' ^ 

If a c.ajullary tube, open at both ends, held m a vertical position, be plunged mto a liquid 
whi(h wets it, the hquid vviU nse in tho tube to a certam height above the level of the 
surrounding liquid If such a tube be removed, and more liquid be added from above, tho 
liquid will bulge out at the lower, and as the column of supported liquid becomes longer until 
It Uisumes a hemispheric id form, at this stage the height of the included column is exactly twice 
that of tho column supported When the Wer end .s immersed Furthc* addition of hquid 
from ahovo tauaes this herAnphere to burst, and then to fall off m the form of a drop 
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When two plates of glass are joined at one edge so as to form a very auite angle and plunged 
into water with the common edge vertiojJ, it is clear that the space near the angle is n nron er 
than tlv^t further away Such a wedge of space niay be regarded as a series of cijnllaiy 
vcitieal tubes of increasing diameter The water will accoiilingly nso liigliest neaiest the 
Tiler The curve which the water forms may be shown both by calculation and cxjiciiun nt 
to bo a right angled hyperbola, the aaymiitotes of which are the common vertical mlge of the 
idass, and the line at nght angles to this biscctmg the angle between the glass plates ‘ [ 

° The hciglij of the capillary column for different hqnids has been the subject of careful experi- 
ments, especially by Frankenheim, the result of whose experiments, from Miller’s Cheimstry, 
vol 1 p 71 ) 4th edit , IS given below The expenmeuts weie maile at 32“!'’ , or o’C , in a tube 
of one imllunetre (about 5*5 inch) in diameter The height of the c ipillary column is found to 
be inversely as the diameter of the tube, but is of eouTse dimmishcd by beat 


Capillaby Elevation of Liquide in Glass, at 32° F 

IJcl^Jit m Ileifrht of the 


Liquid used 

Siwclllc gravity 
at K 

nnUiniutres of 
(lie ca]iillai/ 
coluitin 

coliuiin in 
tluiusnndtli 
of an lueli 

Water, 

. I 002 

i 5 33 (> 

604 

Aeutic acid, . . 

. ‘ 1 052 

8 510 

3 SS 

Sulphuric Acid, . , 

. I 840 

8400 

311 

Oil of Ijemons, . . 

. 0 838 

723 

285 

Oil of Turpentine, , 

. 0 890 

6 76 

266 

Alcohol (dilute), . . 

. 0927 

6 41 

24a 

Alcohol, . . 

. 0 820 

605 

238 

Ether, 

Caibonic Disulphide, 

0737 

540 

213 

. I 290 

5 10 

201 


'’APILIARITY, COHRECTION FOR fiooSmometa 

(' M’UICORYUS. (TUo HuiGoiU) A oign of the Zodiac The sun enters this wgn 
iboui. ^ho 2istof December, and leaves it about the 20th of Jamiaiy Its fiist point ni u ks 
the position of the winter solstice, and the decimation parallel through this point is called the 
tropic of Ijapiieom The constellation Capneornus corresponds in position with the Zodiacal 
sign Aqu rms 

(’Al'h'rSN" (French, CrtSfflKrta, Latin, mpisfjioa, a halter So capstan is a machine round 
wliitii a rope la wound like a halter) An application of the wheel and asle, Uacd ebiefiy m 
ships >ul ports It consists of an axle or vertical axis, and a number of hoiizontal levels The 
pniRipIo on which its usefulness dejicndB is the Baiuo os that of thcyivindhuss If the force 
ipjilieil to eich lever be nuiltiphed by the length of the lever, then by the number of levels, and 
1 istly ilividod by the radius of the axle, the quotient is equal to tlie weight, when the object js 
to suppoit it only, and exceeds the weight when the object is to raise or move it The levcis 
can usually be taken out at pleasure, thus greatly dmmuahmg the compass of the machine when 
not 111 use (See W/ied and Axlf, IKi/idiass ) 

CARJl/VZGTIC AOID P%crie And 

C’AUROIjK' acid a compound obtamed from coal tar by a somewhat comjibcated 
proci ss , also prepared by the destructive ihstilLvtion of saheyhe acid When pure it eiystallises 
in long culouiless needles having a specific gravity of I 065 It liquifies at 31." (’ (93 2“ F ) and 
boils at 187“ 0 (369'’ F ) Tlie ciystals liqnify when m contact with water, and dissolve in about 
twentj five times their bulk of water, and in all pioportions of alcohol, ether, glyeeiine, and 
glacial acetic aead Neither by itself nor in aqueous solution does it icdileu htinns jiaper 
When pure it has a peculiar pleasant odour , it attacks the skin, reddening and hardening it , it 
coagulates albumen, amt unites with animal substances , it is ono of the most jiowerful 
'uitiscpties knt wn, and in a somewhat impure form is hugely used for sanitary jiurposcs The 
bquid eommeicial carbolic acid is a mixture of carbolic acid, eresylic acid, various neutral 
Indro-carbons, &c , its offensive odour is maanly due to the presmeo c)t iniuutc quantities of 
'■iilphur compounds (yeC Eunge, Pog Ann xxn page 69 , xxxn page 308 Lament, Ann 
f h PI13S (3 ) in pifgo 195 Wilhaipson and Semgham, Clieni Soe J vii page 232 Glad- 
"tniie, (ihem News, ii p 98) Its composition 18 CgHjOj Dr Calvert (Chem Soc J xvm 
i'lige 66) has described a llydmte of carbolw acid of the composition 2CgH,,0 H^O, 
vwiich crystallises in large six sided pnsms, and melts at 1 6“ G (6 1 “ F ) Carbolic acid umtes with 
the (-tronger bases, but it does not form well defaned compounds, and altogether it apjiears to 
belong more to the alcohol than to the acid class of bodies 

CARBON A vAy abundant non-metalhc element, occurring in three forms, crystallised 
and transparent as the diamond (which see), crystalline and opaque as grajpkite or plumbago, and 
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opaciiie and amorpliouB as charcoaZ In* the pure state carbon is solid, infusible, and non-volatile. 
Atomic Tveight 12 Symbol C In the form of diamond the specific gravity is 3 55, and it is 
the hardest substance known In the form of graphite, the specific gravity is 1 2, ^nd the 
hardness is between I and 2 of Mohr's scale It conducts electricity nearly as well as metals , 
it has a metallic, steel gray colour, produces a black shimng streak on paper, and is largely used 
in thehnanufactur^ of pencils and crucibles Carbon is a necessary constituent of all organic 
or orgilAiscd comp6unds, and in the form of charcoal is prepared by dnvirig oil the volatile con- 
stituents from wood by heat The carbon prepared in a similar manner from coal is called cole 
A bard and comiioct form of cnibon which has the lustre and electric conductivity of a metal, 
cjllects in the upper part of gas retorts This is used as the negative element in Bunsen’s \ol 
taio hattery Carbon is deposited in the form of soot or lamp black by the imperfect comlms 
tion of highly carbonised bodies, such as pitch Animal Cha/rcoal is obtained by calciniilg bones 
in closed vessels , it consists of a mixture of charcoal and hone ash This form of carboi^ owing 
to its afiinity for colounng matter, is used in commerce for removing colour from sohitions of sug ir 
and other organic liquids The physical properties of carbon vary with its state of aggregation. 
Wood and aiiiiiul charcoal possess a valuable projierty of absorbing gases, condensible vapours, 
and colounng m.attoi's (See Gttsei, Absorption of) It also possesses the property of inducing 
the combustion of hydrogen and other gases by means of the oxygen which it condenses from 
the atmosphere, resembling in this respect spongy platinum At the ordmary temperature 
cirhon hc.ircely shows any chemical afhiuty, lint at a high temperature it unites with oxygen, 
with inciindcscciicc and grc>it evolution of light and heat, fonnmg carbonic acid, or when the 
carbon is in excess, carbonic oxide 

Cnrhonic Jlcid, l)i oxide of Carbon, or Carbonic Anhydride (C Oj), is a colourless gas which 
may bo liquihcd by a pressuic of thirty six atmosplieies .at 0“ C (32“ F ), and solidified by a still 
gic.itcr reduction of tcmiicraturc In the gaseous state, its specific gravity is I 52, oivuig to 
which it may with care be poured from one vessel to another hko water It is a normal con- 
stituent of the atmosphere (see Atmosithere, Ccmposition of) It is a non-supporter of ordin<iry 
combustion, although petissium and some othci bodies will bum in it with separation of carbon 
OP c.irhonic oxide It will not support life, and lu an impure state is the choke damp of miners 
Water dissolves .ibout its olvn hulk at the ordinaiy temperature , a ogetation decomiioses it with 
separation of free oxygen It possesses acid properties, and iinitts with bases to form salts 
The alkaline carbomites are soluble in water, the others are mostly insoluble Carbonates are 
decomposed by almost every aciil with evolution of gaseous carbonic acid. Caubtic alkalies 
rapnlly absorb it The following are the most important carbonates — 

Caibonatn of Ammonium There are several combinations of ammonia and carbonic acid 
They .are all ciystalliiK^ volatile either with or without decomposition, soluble m water, and 
posstssing an ainmoni,ic.al odour 

Caihonate of Barium, (B.ijO C 0 ^) in the native state is known ns vnthente, a hard, white, 
crystalline mineral of speahe gravity 43 In the artificial state it is a soft, white, insoluble 
powder 

Carbonate of Calcium (CajO 0 Oj ) QTus occurs abundantly in nature as limestone, chalk, 
calc spar, and m.arhle It is also a principal constituent of egg and mollusc shells It crystal 
lines as calc spar in the hexagonal system, and as arragomte in the tnmetne system Artificially 
prejiarcd it is a white powder, insoluble in water, but tolerahly soluble in water containing excess 
of carbonic acid At a red heat carbonate of calcium is converted mto caustic lime. 

Carbonate of Zrc«(i (I’bjO C Oj ) The hyilrated carbonate containing variable amounts of 
water Is ])rcp,ircd by the absorption of carbonic acid by metallic lead in the presence of oxyireii 
and acetic acid It is extensively used m commerce as white lead Some varieties of white 
lead contain, m addition, oxide of lead, others chlontle of lead (Sec Lead ) 

Caihonate of Mayntsuim (MgjO UO.), occurs native as magnesite,* and also in the hydnated 
form, as a w bite amorphous substance, insoluble in water The hyidrated carbonate containing 
vaiiablc amounts of viatcr and carbonic acid, is met with in commerce under the name of niaj 
lima alba, and is a very light, bulky, insoluble powder 

tarlionale of Botassmm L, On), known also as pearl ash, crystallises in the hydratefl 
state in rhombic octahed i, which are very soluble in wajter Wlien heated it becomes ,anhy 
dioiis, and at a red heat fi,scs The solution Jios a strong alkalme taste , when saturated with 
c.aiboiiic acid, it is converted into bi-iarbonnU of potasnum (K.jO H „0 2COA which crystal 
liscs m rhomboulal prisms, much less soluble than the neutral caihonate 

CaiBonate of Sodium (Na20 C Oo), is manufactured in commerce m enormous quantities, and 
IS ordinarily known as soda (See Sodium ) In the pure crystallised state it forms diagonal 
pnsms containing ten .at,. ms of water, .vhich efilorescc m dry air In ‘the anhydrous state 
It IS a white powder, fusing at a moderate red heat. Both the crystals and the anhydrous 
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B^t dissolve readily m water, and form a highly alkaline solution When carbonic acid la 
passed over the neutral carbonate, or through its solution, bi cai bmiate of aodtum is formed 
(NajjO HjjO 2COj ) This has usually the form of a white crystalline powder, -which has a 
shght a^kahne taste, and u much less soluble m water than the neutral carbonate 

CaihoniG Oxide (CO), is a colourless gas of spccihc gravity 096, perfectly neutral, insoluble 
in water, and very poisonous when inhaled It does not support combustion, but when ignited 
m the air bums with a lambent blue dame, producing carbonic acid. At a high tc'di^ieraturc it 
acta as a strong reducing agent 

J)i-aulp/iule of Caibon ^Cbj), is formed by the direct combmation of snlphuy and carbon at a 
red heat , it is colourless, strongly refracting, very volatile hquid, ha-ving a disagreeable odour , 
it bods .at 46 5° C ^ll6° F ), is insoluble m water, but misciblo in all ])roportions with alcohol, 
ether, and oils Its solvent properties for sulphur, phosphorus, iodine, and many gum resins aio 
very gr.tat It is very inflammable, the vajKuir igniting at a temperature much below redncbs , 
it bums with a pale blue dame, producing carbonic acid and sulphurous acid 

Titraihloi'ide if Caibon Carbon forma several compounds with clilonnc , of these we need 
only here mention the tetrachloride (C CIJ This la a thin transiiarcnt liquid, insoluble m 
water, of specihc gravity I 56, boding pomt 77“ C (170 5" F ) It Las a strong aromatic odour, 
and has been successfuUy used as an anaesthetic The compounds of carbon and hydrogen aio 
very numerous , those of most importance will be described under their >,peeial names t'arbon 
enters into the composition of all organic bodies , indeed, organic chemistry has been defined by 
Hofmann as a “history of the migrations of carbou ” 

CAEBON, SPECTEUM OF It has been found that every element gives a characteristic 
epectrum when its vajiour is heated to incandescence, but in the case of bodiesdike caibon, 
which are non volatde by themselves, their spectra can onlj be ascertained by compaiing inter 
K, the s],tetra given by rts voLitdu compounds with other elements Mr Swan, Dr Atthcld, 
Dr \V M Walts, Mr Huggins, and others, have caamined tho spectra given by different 
c irlion compounds, and have shown that, although they all give spectra, differing somewhat 
aino ig theiuseh cs, there is yet a certain family relationship throughout, and by ascertaining by 
expi rnent on other compounds, the modiheation which the eUments united to the caibon 
oiiasion, it has been possible to amve at a pretty good idea of what the spectrum of carbon 13 
like The general character seems to bo that of groups of fine lines m the yellow, green, blue, 
andviopt, each group having its strongest member on the less refrangible end, and fading 
gradually away toward the more refrangible end It is probablo that many of tliei differences 
lit twicii fbe various spcctia of carbon compounds are due to tho different temperature at which 
they tu- Tiroduceil (Hco Spectrum) 

CARNDT’fJ FUNCTION A relation between the amount of h<at which leaves a given 
source, and the wm-k done by it The chief deductions from Carnot’s' Function arc — (i ) that 
the Tfa+io of the heat dra-wn from the source to the woik produced is the same at the same tem- 
jieraturc, whatever be the substances composing the machme , (z ) that the ratio always depends 
on the temperature only, and does not vary wi^ the nature of the substanco , (3 ) that a per- 
fect machmc is only able to convert into mechanical tff< ct a certain proportion of the lu at 
which leaves its source , this quantity vanes directly as the tbffercnce of the temperature of tlio 
source and refrigerator, and inversely as the temperature of the source Tho quantity of woik 
produced by a perfect engine m a given time is found by multiplying the quantity of heat which 
leaves the souiee m the given tune, first, by the difference of the temperatures of the source and 
rcfngcrator, then by the number by which the unit of heat must be multiplied, in order to give 
the mechanical equivalent, and, lastly, dividing by the temperature of the bource (fcite Thci"- 
nmiynamici, Heai Enr/ine , and Mechanical Equiialmt of Jlcat ) 

CAETESIAN UIVEE An instrument, usually lu the form of a toy, which admirably 
illustrates sev eial of the .properties of fluids It consists essentially of a glass tube closed at 
one end, nearly filled witH yratcr, and inverted into an cylmdncal vessel ncaily full of water, 
tho mouth of which is closed air-tight by a membrane of caoutchouc The bubble of air m the 
interual tube is of such a sise that the tube just floats, fonning in fact a little floating divmg- 
bell If the membrane closing the outer cylinder be pressed do-wnwards, the pressuio is com- 
municated through*tfio air, above the water m the cylinder, to the water By tlic latter it w 
conveyed in all directions (see Pressure through Liquids) amongst the rest, up through theopen 
end of the inner tube, and up to the bubble of air at the top The latter is compressed 'I'he 
loss m volume suffered by the air is compensated for by the entrance of water I’he result of 
this substitution la, that the tube with its contents becomes heavier Bemg pressed upwards by 
the same force as before, it is now pressed do-wnwards by a greater one Equilibrium can no 
longer subsist, and the diver sinks On relieving the pressure, the opposite conditions succeed 
one another la the mveise order, and the diver rises. Attempts have been made to utibse such 
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a diver for tlie purpose of determmmg, or at least indicating;, the barometric pressure Hut 
variation in temperature affects the density of the water and the an to such a bhght degn < , 
especially the latter, as to invalidate conclusions as to atmospheric pressure drawn fipiu tlie 
position of the diver 

CARTESIAN SYSTEM The system by which Descartes endeavoured to Iccount for the 
planetary motions, by the existence of vorticose movements in a lluid which he supposed to 
occupy all space Straiif'e as it may seem, this theory Bcemcd for a long time likely to jii event 
the reception of the Newtonian i^uronomy among tontinental mathematicians The contest 
between the twa systems, ho woicr unequal, was puisued with considerable spirit for many 
years Nor was this unfortunate, hince we may asenbo to the struggle the rapid prf'gress of 
continental mathematicians m mastering the modem inotlcs of mathematical analyns Until 
conip watively recent tunes, English mathematieiaiis lagged far behind tlieir contmcntal brethren 
in tins respect • 

CASCADE, CHARGE BY If several Leyden jars be arranged on insulating supports, and 
connected iii hones, so that the inside coating of the second is joined to tha outside coating oi 
the hrst, the inside of the third to the lAitside of the second, and so on , then if the inside coat- 
ing of the first bo connected with the prune conductor of the elec tne machine and the outside 
of the last to the earth, on tumiiig the inachino the whole series wiU be cliarged The positive 
clcetncity dnven by induction from the outside coating of tlie first jar charges the inside of the 
second, that dnven from the ontsnle of the second charges the inside of the third, and so on , 
and, iiually, the positive eleetncity dnven from the outside of the hist j.ir is neutralised by the 
conneetiun with the earth Tins method of chaiging a senes of jars at the same time is called 
thui'/nn) hi/ ifMcade 

CASEIN (Casfiii, cheese ) An oigamc substineo oc'curnng m milk m the soluble form, 
having great similanty to a'bumen , it is coagulated by heat and acids, and is the pniieijiL 
eonstitm nt of theese 

CASSMGIIAINIAN TELESCOPE (So rallesl fioni the inventor Cassegrnm) In this 
fonii of reflecting telescope a siiiall convex speeiilum is placed m fiont of the Lirgo Bpteuhiiii , 
the rays of light fioin the object f illmg on the principal speeulnin are rouvorged and reflected 
back to the siiiall siieeulum , this leceives them, and ag iin reflects them to the cciitic of the 
large speculum, whe'io a liole is tut to allow them to pass through to the eyepiece One of tlie 
hugest, and proliahly the most perfect reflecting telescope inthenorld is of tins constmeticm 
(hco ])i T Jv Itohiiiscm and Mr T (Jnibb’s Descnption of the Cicat Melbourne Telescope, 
Phil Trvns , i86c), p 127) (Sec IVistepc, Reficcluuj Tdeicope j ffpCLuliim) 

CASSIOI'MIA One of I’tolcmy’s northern cxmstcllitions, figured m the maps as a ladj 
wtting in a chan The five principal stars of tins coustellatioii fouu i well known group lying 
on the Milky W vy betvvxeii (Jepheiis and Persons The constellation coutams seveial interesting 
cibjc ets Aljiha Cahsio2iu.B is a well-known vanable 
CASSITHIHTE Ste Tin 
CAS'r IRON See /ion 

CAS r(Jll The star a of the aioiisteUabon Gemini It is a fine soconcl magnitiule binaiy', 
the cuiniioiients nearly equal 

CASTOR OIL A viscid yellomsh oil extracted from the seeds of Ricinus commum-. It 
Ills a faint taste and odour Spesihc gravity 097 Chemically it appears to be a niixtuie "f 
glyeciiu and several fatty acids 

CAl’At ' AUSTIC (KaraKaucrir, scxirclimg ) See Caintir 

CATAIjYSIS (xaraXeEii', to lubolve ) A name given to a very obscnire class of plieno 
meing of winch little is known , it means action by cont,ict, or chenneal action taking iilace m 
the picsencc of a substance which appears perfectly luort and unaffected by anything prest nt 
As ixainplos, we may mention the conversion of btaieli into sugar in contact with warm dilute 
lends, the convcrMOn of cano into gr qie sugar under similar circumstances, the phenomena of 
fenne iitation, the action of finely divided metals in decomposing per-oxide of hydiogen, and the 
offect of spongy platinum in inducing the combmation of oxygen and hydrogen Several exjila 
mill ms have been attempted, but they are all more or less obbcure, ,and fail to meet the 
luajoi ity of instances in which this action is oliserved ’ ■ 

CAl HARISM (xa^ay os, pure, clean) A term introduced by Illr Tomlinson, with refer 
cneu to the rendering of nuclei chemically clean (See Nucleus ) 

CATHARIZATION (xaSapifu, to purge, purify, or clean), is the art of clearing the siirf'ice 
of bodies from alien matter , and the Buhstance is said to be catluinzed when the surface is so 
elc u od 

As every thing exposed to the air, or to the touch, takes more or less^ deposit or film of 
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foreign matter, substances are classed as ealhanzed or uncatharized, accordmg as they have 
been or not so freed from foreign matter 

The term cathamed, denoting the condition of pure surface, may also be applied to sui faces 
that haVe not undergone the process of cathanzation Thus a flint stone, in tlic rough, h us an 
incatharized surface , but, when split, the inner surface of the pieces will, for a tunc, be clu un- 
cally clean, or m a catbonzed state , > 

CATENARY {Calenanus, pcrtainmg to a chain , from catena, a chain ) * The curve formed 
by a unifom flexible string, or chain, suspended from its extremities The chief properties of 
the catenaay are as follow — i Let a honzontal line be drawn at a distance? below the lowest 
point of the string, equal to the length of strmg, having a weight equivalent to the tension at 
the lowcJSt pomt The tension at any point is the weight of a portion equal to the distance of 
the point above the honzontal hne 2 The radius of curvature, at any pomt, is equal to the 
portioji, of the normal, intercepted by the curve and the honzontal line 3 Tho horizontal 
tension, at any point, is constant 4. Of all curves of a given length, drawn between two h\t,il 
points in a honzontal line, tho common catenaiy is that which has its centre of gravity fuithub 
from the line joining the pouita 

If the stniig vaiy in diameter, so that the area of a section, at any point, is propoitional to 
the tension at that pomt, the curve in which tho string hangs is called tho Catcmti if oj liquid 
Shtnijtli Eoi the theory and properties of tho catenary, see Poisson’s Mechanics, Ware’s Tiacts 
on Vaults and Rndges, WheweU’s Analytical Statics, and Wallace m the Edin Trans , vol xiv 
CATOPTRICS (KaroTTpiKos — KaroicTpov, a mirror , Kara, down , oTtaopLai, futuro of 

<5pan>, to see ) That branch of the scienco of geometrical optics which treat of tho plicnomcna 
of incident and reflected light * 

CAUSTIC CURVE (KauoriKos, Kaiu, Ka.va(it^-\x> bum ) When rays of light aro incident 
upon a < urved, reflecting, or refracting surface, the reflected or refracted rays inter'icct, form- 
mg i cii’'ved line, to winch the rays are tangents When formed by reflection, this curve is 
Lill('d catnciiumic, and, when formed by rcfiaction, diacauHic 
C IVENDISH EXPERIMENT An experiment for the purpose of determining the meau 
dell of the earth, mvestigated by Cavendish, Reach, and Rally (See Earth, VcnnUij of the ) 

( I'iJiATiRAI (Arabic ) The star ^ of tho constellation Ophiuchus 
t/'ELLULOSE, (known also as lii/nin at woody is an insoluble carbohydrate 

111 .in al nost pure state , it forms the principal buUe of unsized paper, cotton, or luieii , and, 111 
in luipui’i cond.tion, tho chief bulk of wood It is insolublo in water, alcohol, &o , but, when 
uti’ii or by strong nitne acid, is converted mto mtro-substitiition compounds (See Gun Uottoii ) 
Cl/s'i'VURUS (The Centaur ) One of Ptolemy’s southern constellations Only the head 
ind shoulders of this figure nse above tho hoii/on of London Tho constellation, .as fignied by 
I'le mil lints, was one of the hnest in the heavens, but modem astronomers b tve taken four of 
fill li aling b^’ll<,nt^, and several binaller stais, to form tho constell.ation Crux Australis The 
st u Alpha Centauia is n markable, not only as the hnest double star m the heavens, and foi the 
LTi it e\tint of its annual proper motion, but as the star which lies ncaiest to tho solir system, 
o far as is yet known The change of the earth’s place, duiing her orbital motion around the 
Mil, pioduces a parallactic displacement of neaily one second of are in this star, a Liet iirst 
I'etieted by Professor Henderson, under circumstances which rendered the observation one of 
niiusu il dilficulty Maclear, with superior instrumental means, has conhrmod the ehtiinate of 
-I’lofi ssai Hinderson The actual distance of the star is thus shown to be about 20,000 billions 
' f miles Neai the star Peta Ceiitaun the Milky Way is sub divided, the whole of the galaxy 
betni en Centaunis and Ophiuchus being singidorly complicated. 

CJ'.XTRAL EORCES Eoices tending to cause the body, or bodies, on wliieh they .act to 
pass towaids, or from, a fixed point, tenned the centre of force If a btxly st irtiug from rest bo 
acted on continually, by o, force tending to a flxed pomt, the body will, of eoiir“.e, inovo with 
constantly incioasing velocity up to the h\cd pomt, but if the body be first projfftid with an 
niili.tl Velocity, in a direction which does not pass tlirough the fixed pomt, the velocity of tho 
body will not constantly mci ease, nor will the body bo drawn to tho centre of foiee It w 
pren cd, mathematically, that a particle acted on by a central force, when once set in motion iii 
' ii\ direction which 'floes not pass through the centre of force, continues its motion in one place, 
and It 3 path foims a curve 

J he traiglit line drawn from any position of the moving particle to the centre of force is 
termed the radius vector One of tho most important laws of central forces is that of the 
conservation of the areas deecnbod by the radius vector, proved by Newton .is follows — 

Vhtn .a body is projected with a given velocity, it will pats thiou^h a certain spaco 
a straight line, pAivided no other force be actmg upon it As soon, h iwever, as a central 
force la made to act upon it, it will be drawn out of the straight line. If, then, we 
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are able to ascertain the velocity with which the body would move towards the centre, 
under the action of the central force only, we can determine the position of the body, at 
the end of a Bingle unit of time, by the Parallelogram of Velocities At the coyimcnto 
ment of the second unit of time, we may suppose the body to be again subjected to tliu 
impulse of the central force By again compounding the velocity with which the body would 
now Aiove> without the action of the central force, and the velocity due to the central force 
alone,jre obtain the position of the body at the end of the second unit of time It is easily 
demonstrable, geometrically, that aU the tnaugles formed by joining the suer essive position of 
the body, at the* end of each unit of tune, are equal in area If we now consider the catic when 
the unit of tune is mdelinitely diminished in duration, and the number of units iiidclmitoly 
increased, we see that the tr-angles formed by the motion during each unit are still equal to one 
another , and tJie path of the body, instead of being a polygon, becomes a curve, since ttie 
polygon, having an indefinitely large number of sides, is identical with a curve The equality of 
the triangles, referred to above, is therefore expressed, by saying that tUw radii vcctores of the 
curve su eep out c qnal areas in equal times , and, consequently, m different times tlio areas 
Bwept out by the radii vcctores are proportional to the times. The converse of this is equal’ v 
true, namely, that if a body moves m a plane curve, so that the radius vector drawn to a ^cd 
point, sweeps out areas proportional to the tunes, it is acted on by a central force tending to 
that point 

Having obtained these fundamental principles, wc arrive at the following results by mathe- 
matical reasoning ( I ) The velocity of a body acted on by a central force, at any point m its 
path, IS inv^sely proportional to tbe perpendicular, from the fixed point on the tangent to the 
curve at the point considered Consequently, if the velocity be uniform, the perjiendicular on the 
the tangent must remain constantly of the same length but since there is but one curve — 
namely the cwcle, in which the perpendiculars from a given point on tho tangent are all equal, 
the path of the body must be a tarcle, and the hxed pomt must be at its centre (2 ) If a body 
describe an ellipse under the action of a force tending to a focus of the elhpsc, the intensity of 
tho force 18 inversely proportional to the square of tho distance The same apjilics to .1 
hyperbolic and a parabolic path (3 ) If the jiath he an ellipse, and tho centre of force be the 
centre of tho ellipse, the intensity of the force is directly projiorlioual to the distance 

Tbe converses of these propositions are also true If a body be projected from a point in 1. 
given direction with given velocity, and move under tbe action of a central force, whose mtcnsit> 
varies inversely as tho sijuarc of the distinco, the orbit is either a hyperbola, a parabola, or an 
ellipse according to tho relation between the velocity and distance of projection 

If a body be in motion under the action of a central force, whose intensity vanes directly as 
tho distance, the orbit f> an ellipse, and the centre of force is the centre of the ellipse In tint 
case tlic penod of revolution is mdependent of the dimensions of tho ellipse, and depends solely 
on the intensity of the force 

On reference to Kepler’s Laws obtained by labonous calculations from an immense ser’cs uf 
observations, it will be seen that they exactly correspond with the gcncial conclusions respect 
ing central forces, and that consequently the planets describe their orbits under the mfluenee of 
a central force tending to the Bun, and varymg in mtensity inversely as the square of the dis 
taiice, and that the force would be the same for each planet at the same distance (see Kejalei s 
Lam) Wc need only suppose tho planets to bo once Bet in motion, and then we have quite 
Bufhcicnt to account for their contmuous motion and elhptical orbits in the central force tending 
to the sun We hnd the planets in motion , there is no force known to us which mainbims 
that motion, and there is no necessity for us to suppose the existence of any other force than 
that v hicli acts constantly towards the sun 

CENTRE, ]<lQUATTON OF See E</uation of Cmtre. 

CENTRE OF GRAVITY That point in a liody through which Tassos the resultant of the 
weights of the particles composing the body in every position in vdiich the body may be placed 
The attraction of tho earth, which causes a body to have the property called weiglit, acts upon 
every particle of the body When a stone is crushed mto small fragments, the sum of the 
VI eights of the particles is equal to that of the whole stone If one of these particles be attached 
by a fine thread to a fixeci point, the thread will take the vertical direction If several of the 
particles be suspended from points near together, the threads will be parallel Hence, when the 
particles are united, so as to form one body, we may consider their weights to be a system of 
parallel forces, and consequently equivalent to a single resultant By suspending the Iwdy from 
any point, we can ascertain the direction through which this resultant passes If we thtu 
suspend the body from another jximt, we obtain a second resultant, the direction of which mter 
Beets the former directibn For ^ough the weight and magnitude* of the particles are 
unchanged, each of them will have the direction of its force changed with regard to the whole 
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body, and the effect is the same as if each force hnd>hecn caused to turn about its point of 
application If the body were of such material that it could be pierccil iii tlic diieition of the 
hue of support in different positions, all the hues would be found to intersect m a siu^do point, 
winch is called tho centre of gravity of the body, or the centre of the parallel forces due to 
<^a\ity acting upon it This general fact w stated m the following form — The resultant of a 
system of parallel forces acting on a ngid body passes through a fi\ed point, tlic position of 
which IS independent of the direction of the forces If the forces be the weights o{ the bprticles, 
the ft'ceJ point is termed the centre of gravity 

Tlie process of hnding the centre of gray ity of a body may be cither e\pefniient.il or geome- 
trical When the body is homogeneous that is, when oq lal volumes taken from dilFcrent parts 
of the body have the same weights, the weights of diilcreiit portions are proportional to tlio 
volumes , thus, in tiiidmg the centre of gravity geomctncally, we may consider the volumes as 
forces , A smuLir process may bp taken with very thin sheets, as of metal, paper, d,c , of 
uniform thick icss, for since the weights of these aie proportional to tho aieas wo miy tic.it 
the arc vs as forces, and hiul the centre of gravity of tho surface tsimilaily, wo may hnd tho 
centre of gravity of a heavy lino, since, iii any uniform wore, the weight is proportional to tho 
length 

The following are some of the simpler result*} of investigation respecting the centi c of gravity 
— (i ' If a body be symmetrical about i plane, every p.irtii le on oni side coriespoinls to a piii- 
ticle equal to it on the other Hence the cciitic ot gravity of every pair of paitnhs lies in tho 
pi me, aiul consequently the centre of giavitv of the ciitirc body bes in the pi me of symmetry 
(2 ) If a body have two planes about which it is symmetrical, the centre of gnvity lies in tho 
line of intcrhoction of the planes , and if it have three planes of bymmetrv, the cLn\ie of gravity 
111 s in the point where the three planes intersect (5 ) If an area bo svinmctiical about a hue, 
tJic i entie of gravity Ifes in that hue (4 ) It a body liav'c a i.cn<Tc of hg irp —that is. a point 
biich that all lines drawn through it to the outline of the bgure are bihcctcd lu the point the 
centre of figure is tho centre of gravity Hence the centre of gravity of .a striight line is its 
nu Idle point , that of the cucumfcience or aica of a circle is the coutio , the centre of gravity 
of 2'arallclogram is the point of intcTS>ectioii ol the diagonals winch is tlie cotitro of hguic , 
llu (cutic ot gravity of a sphere is its centre , that of a right oircuUi cyhiulci is tho nuddlo 
poii't of the avis , and that of a parallelopqicd is the point of intersection of any two diagonals 
hi ill *uo above cases, the centre of gravity is the same whether we consider the peninetcr and 
uutc 1 n< faces only, or the aicas and vohuncs of the bodies 

rioni the prcci ding pnnciples the centre of gravity of the following ligures are determmed 
by g> ometneal Ildus — 

1 0 / a tiianr/le The point of intersection of two middle lines that point in the lino 
loinu.g the middla of the base with the ojiposite angle, which is one third of its length fiom the 
base 

2 Of a semicircle At a distance from the base found by dividing two-thuds of the square 
of the diameter by the circumference 

3 0 ) a semi-elUiJse Same as a semicircle of tho same height. 

4 Of a imrahola Three fifths of the height 

5 O/acyiloid Seven twelfths of the height 

b Of a sector of a cu cle At a ibstaneo from the centre found by multiplying two thirds of 
the lailius by tho chord, and dividing by the arc 

7 O/ a quadiavl At the same distance Irom cither radius as th<at of tho semicircle 

8 Of the smfaee of a hcmisjnheie At the middle point of the height 

9 Of a prism 01 cylindci The middle iioint of the line joining the centres of gravity of the 
two ends 

10 Of a pyramid or cone That point in tho line joining tho centre of gravity of the base 
with the aptv, which is one fourth of its length from the base. 

11 Of a hcmiiphcre At three-eighths of the radius 

The following are the chief properties of the centre of gravity When a body is suspended 
from a point, it compoits itself as if its entire weight were concentrated at the ccntic of gravity 
Consequently, we may consider any body as acted upon by two foices, the resultant of tho forces 
due to gravity, acting at its centre of giavity, and the resultant of the icaction-, of tlio jiomts of 
support In order that the body may be at rest, these two must act m the same vcitic.il line 
111 opposite directions , if not, the body will move Thus it results that if the centre of gravity 
be siippoxtod, the whole body wall be suppoitcd If the body be suspcmled from a point, tho 
Centre of gravity and the point of support must be in the some veitical lino When the body 19 
sup^Kirtcd on several ^ints the condition of rest is that the resultant of a'l the resistances shall 
be m the same vertical hue with the centre of gravity. It is obvious that this icsultaut will of 
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necessity fall within the lines of its component forces Consequently, if the centre of gravity of 
a body fall without the base on which it stands, it cannot romam at rest, and motion will ensue 
untd the necessary conditions are attained The variations m the position of the centre of 
gravity in connection with the cquihbnum of the forces acting on the body wiU be treated under 
equtlibnum. 

CENTRE OF INERTIA. Centre of mass See Centre of Gravity, 

CEI{,TRB OF &YRA 1 TON. See Gytahon, Centre of 

CENTRE OF OSCILLATION See OscMatvon, Ctnheof 

CENTRE OF ’PERCUSSION When a sohd body is revolving about an axis the point 
at which a resistance sufficiently strong would stop the rotation of the body without importing 
motion to the axis 

CENTRE OF PRESSURE (LATERAL) OF LIQUIDS Since (see LatercH Pressure of 
Liquids) the outward pressure on any point of the side of a vessel contaimng hqmd varujs with 
the depth of the point, tho pressure at any depth may be represented by the straight line drawn 
parallel to the base of an isosceles nglit angled triangle, one of wboso sides is the height from the 
bottom of the vessel to the liquid surface, and the other a horizontal hue equal to this diawn from 
the base Consequently tho entire pressure on a bne of such points, reachmg vertically from the 
liquid's surface to the bottom, is rejircscnted by tlic area of the above triangle The centre of 
pressure of such a line of points is that point at winch a single pressure will support the whole 
line of points, supposing the line to be rigid This point is manifestly tho point of mterscctiun 
betw eeii the vortical line of points and the horizontal, drawn through tho centre of gravity of 
the above mentioned triangle In other words, it is one-third from the bottom If, theiefore, 
a vessel have a rectangular sido the centre of pressure of each vertical strip of the side will bo 
one thud from tbc bottom, or the line of piessnrc will be a lioii/ontal line at the same dcjith 
Finally, the centre of preasme will clearly be the centre of such a line, since the surface is dis- 
tributed symmetncally around this point 

CENTRIFUGAL FORCE (CuUriHa, and /<«7o, to fly from) When a body describes a 
circle with uuifonn velocity, there must bo a foict. constantly acting upon it and diitctcd 
towards the centre If left to itself at any pomt the body would move in tho direction ot 
tho tingcnt at that point, and the force towtmls the centre is -pint at each instant in deflecting 
tho body out of the straight lino in whicli it is moving Tlie force with winch the body temls 
to fly from tho centre is termed tho cent) if fane, and the force which counteracts the 
ccntnfug.d force is termed iC'itiqutnl These foiees are equal and opposite, and each is 
found by imiltiplyin<g the mass of the body by the normal aeeeleratiou , or, wbiih is the same 
thing, mulliplving the weight of the body by tho squaie of the velocity, and dividing by the 
acccleiatioii of gravity <nd the radius of the eirelc In illustration of this rule let us suppose a 
stone I pound in weight to be tieil to a stung 3 feet long and whirled round so that its velocity 
IS 24 feet x>er second, ivh.it will be the stiaui on tbu stiiiig Heie, 24 x 24 x i lb — 
(32 ^ 3) ~ a lbs If the slmig be not stiong enough to be.av a weight of 6 iiounils it will 
be broken by the revolution of tho one pound The force tcniiiiig to bre.ik the stimg 
IS tho eeutrifugal force, and that toudiiig to prevent the body from flying off is the centripetal 
force 

CENTRIPETAL FORCE (Centrum, and peto, to seek ) Sec Ccntrtfuqal Foi re 

CEl’lIEUS One of Ptolemy’s northern constellations Few of the stars compising this 
constellation are very noteworthy, and |ierhaps the mobl remarkable feature of tlic asierisin 
tbc outlying branch of tho Milky Way, e'ttcmhng towards the pole from tho star Exisiloii Ueplui 

CEREH In astronomy, one of the minor i>luiets. See A'ytcioidi 

CERIUM A somewhat rare metal, disroverod simult-ineously by Klajiroth and Ilisinger, 
and Rerzelius It is almost inv inably found associated in nature with the metals lantlnnuui 
and didymium, and for many years after its dl^co\e^y the so called canum compounds weie in 
reality mixtures of cenuin, laiithonum, and didymium Symbol tie Atomic weig-bt 46 Tho 
metal eeruiin is almost unknown in the hejiarate state , its scjiaration from the two companion 
metals is difficult, but from other metallic eomiwuiuls it is easily effected Cenum forms tu» 
oxides, a ccrous or protoriJe xihieli is unstable, and the cci oso cei ic oxide, pCjO, Tlio latter is 
formed xvhen oxalate ot cenum is' ignited in on oiien vessel, and is a yellowish ivliite powdei, 
which becomes orange when heated but gets hghter again on coohng The most definite salta 
of cenum ore those of tho piotoxide , they aio colouiluss, base a iieeuhar sweet taste, and are 
acid to test paper The only s.ilt of xiresent mtere-,t is the oxaiate, which is a white crystalline 
powder iiisoluble in water, produced by ulding oxalate of ammonia or oxahe acid to a soluble 
ceroiis salt This salt is used m medienne 

CETUS (The One of Ptolemy's southern constellations. It is figured in ancient 

charts as an uncouth sca-monstcr, between whose paws the nver Endanus passes. Within the 
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limits of tiiis constellation lies the remarkable variable «tar Omicron Ceti, justly named Mira 
(See Stan, Vanaile ) The constellation is of great extent, and over the larger portion nebulae 
are scattered with singular profusion. 

CHALCEDONY. See Quartz . 

CHAM/ELEON (The Chamcdem ) A southern constellation formed by Bayer. Ib hcs 
not far from the south pole, and contains few conspicuous stars , . ’ 

CHAFH (Arabic ) The star ^ of the constellation Cassiopeia. 

CHABCE, ELECTBIC A body electrically excited is said to be charged, and the quantity 
of electncily whioh it possesses is the amount of its charge There are vanorusifays of producing 
this state of excitement or chatye, which are described m the proper places thus we havo 
charge by conductwn and charge by tnductum, and we have the chaigmg of on msulator by 
friction, and in other ways , but charge, whenever it is produced, consists m the exhibition of a 
force<l oc polarised state on and about the body chained Thus “ when a Leyden jar is charged, 
the particles of the glass ore forced into this polarised or strained condition by the electricity 
of the charging apparatus Discharge is the return of theso particles to their natural state from 
their state of tension, whenever the two electric forces are allowed to be disposed of m some 
other direction ’* (Faraday, Exp Jlesearchea, ser xi ) 

CHARGrE, FREE A not very appropnate.term used to denote that part of the charge 
nf a Leyden jar or other condenser which acts inductively towards external objects Wlien a 
Leyden jar is charged, there are two forces which are described as positive and negative elec- 
tncity m the two coatings If the jor be uninsulated, there is no force on the outside coating 
acting toteards external We may handle it or examine it with the proof plane, or with 

a sensitive electroscope, without obtaining any indication of the existence of electric force In- 
duction 18 taking place through the glass of the jar towards the electncity inside, and in no 
other direction On the inside coatmg, on the other hand, a portion of the electncity is octmg 
inducti<’ely through the glass towards the outside coating, but there is besides a certam display of 
force towards external objects. Hence wo are able to obtain a charge on applying the proof 
plane to the ball of the Leyden Jar The portion of the charge which is thus discoverable is 
cah 1 the free cha/rge, in contradistinction to the other portion, which is said to be dissimulated. 
If now the jar be insulated, and the intenor be touched, the free portion of the electncity on the 
inside coatmg is removed A portion of that on the outside now becomes free — ^that is, begins 
to manfeat itself towards external objects, and can bo detected by means of the proof plane. 
F.irailsy veiy strongly objects to the use of the term ftee charge (Exp Researches, sar xiv), 
rcjiiirking that there is no diSerence m the mode of action of thsfree charge and of the dts- 
sini ilat‘d electncity 

CHARGE, RESIDUAL When a Leyden jor or battery has been (^charged and allowed 
to st md for a few moments, it is found that it still contains electncity This is termed the 
residual charge, or the elcctnc residue If it be discharged again, a second residue feebler than 
the lirst may be observed after a short time, and, with on electroscope, a third and fourth may 
frequently be detected The amount of the residue depends upon the intensity of the initial 
charge, and on the length of time that the jar remained charged The residue charge is duo to 
what .s termed electric penetration The electncity with which the jar is charged, exertmg 
upon itself a powerful repulsion, appears by degrees to penetrate into the body of an insulating 
medium such os glass When sufficient time is allowed, a considerable amount may thus be 
forced inwards On dischargmg the jar, the influence under which this ellect was produced is 
removed, and the electncity gradually finds its way out of the glass again The phenomenon 
has been examined in the foUowmg way — A plate of the insulating matter is furnished with 
lery closely httmg metallic ooatmgs, w^ch can be removed It is charged and left for a certain 
time, then discharged, and the coatings removed On exammmg it by means of the proof plane 
and electroscope, it is found that, at the first moment after the discharge, there is no electetcity 
on the surface of the insulator, but that by degrees it appears, each side being electrified with 
the same electncity which its coatmg possessed Faraday, who studied the question, found 
that the residue was greatest m the case of paraffin, then came shell-lac, glass, and sulpluir, ia 
that order 

CHATTEETON’3*COMPOUND A resinous and pitchy mixture used in making the ih- 
^lator of Bubmanne cables. It iS laid on m ^tenjate layers with gutta peroha. (See Cable, 
Submanne ) 

CHEMICAL ACTION OP LIGHT Many chemical compounds, especially those of 
wher, are visibly altered in colour by moderate exposure to diffused day or sunhght It has 
been found that this action is generally a reduction to the metallro state, or to a lower state of 
oxidation, and that tlA rays of hght which produce this change ore those situated at the most 
refrangible end of the spectrum (See Actinism, Actinometer, CaliAype, Fhatography , Chemt 
cal reoctioaf produced by light. Photochemical induidton ) 
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CHEMIOAIi ACTION OP SPECTRUM See Actinism, 

CHEMICAIjLY CLEAN According to Mr TomlmBon, a body ia cbemically clean, the 
surface of irbich ia entirely free from any substance foreign to its ovn compositira See 
Cat hari sm, Nudeus 

CHEMICAL INTENSITY OP DAYLIGHT See DayhgM, Aawic Intensity of. 
CHEMICAL PHOTOMETER See Actmometer 

CHEMICAL “RAYS, ABSOLUTE AND COMPARATIVE MEASUREMENT 01 

CHEMICAL REACTIONS PRODUCED BY LIGHT Professor Tyndall has 
amined the action of an intense beam of the electric hght on the attenuated vapours of 
volatile hquids (Pmc R 8 , xvu , p 92) His method of proceeding is as follows —A tube, 

2 8 feet long, and 2 5 mches internal diameter, was closed at both ends by glass plates It may 
be connected with an air pump, aud with a senes of tubes used for the punfication oi air A 
number of test tubes were converted into Wolff's bottles by means of corks and tubes Each 
test tube was filled partly with the liquid to be examined, and introduced into the path of the 
purified air When the experimental tube was exhausted, aud the air then allowed to hubhla 
through the hquid, a mixture of air and vapour entered the experimental tube together, and 
w'aa then submitted to the action of hght At one end of the experimental tube was placed an 
electric lamp, transnuttmg an intense beam of hght through the tube parallel to its axis 
When the vapour of amyhe nitnte was allowed to enter the tube in the dark, and the beam of 
hght was then sent through the tube, the tube appeared for an instant optically empty , then a 
■udden shower of liquid spherules was precipitated on the beam On repeating this experiment 
with a coitdensed beam of hght, forming a cone 8 inches long, the cone, which was at first 
invisible, flsished out siiddcnly, liko a luminous spear The rapidity of the condeusmg action 
dimmiBhed with the density of the hght The same effects were produced when oxygen or 
hydrogen were employed as earners, when the heat of the beam was sifted out through a plate 
of alum, or when the beam was used without sifting That the amylic mtnte undergoes 
decomposition is proved by the formation of brown fumes of nitrous acid Sunlight produces 
similar effects The author proves, in the next place, that the decomxxtsition is effected by the 
more refrangible rays of light, and that liquid ainyho nitnte is .aost potent in arresting the rays 
which affect its vapour This seems to show that the absorption takes place in the atoms, and not 
in the molecules The author anticipates wide, if not entire, generahty for the fact that a hquicl 
and its vapour absorb the same rays When the tube is filled with a rare and well mixed 
vapour, the electric light develops a blue colour, which may be pure and deep, or milky, accord 
ing to the intensity of the light Yanous other liquids were tned with success In many cases 
the condensed vaxiounf formed extremely beautiful aud regularly shaped clouds, the p^ieles 
Totating around the axis of the tulie, or round other axes When the quantity of nitnte 
vapour is considerable, and the light intense, the cbemiciJ action is exceedingly rapid, the 
particles precipitated being so largo as to whiten the litimnous beam Not so, however, when a 
well mixed and highly attenuated vapour fills the experimental tube The effect, now to he 
described, was obtained in the greatest perfection when the vapour of the nitnte was denved 
from a residue of the moisture of its liquid, which had been accidentally mtroduced into tbs 
passage through which the dry air flowed into the expcnmentol tube In this case the electnc 
beam traversed the tube for several seconds before any action was visible , decomposition then 
visibly commenced and advanced slowly The particles first precipitated were too small to he 
distmguishcd by a hand lens , and when the hght was very strong, the cloud appeared of a 
milky blue When, on the contrary, the intensity was moderate, the blue was pure and deep 
lu Brucke’s important expenmuits on the blue <>£ the sky, and the morning and evening red, 
pure mastic is dissolved m alcohol, and then dropped into water well stirred. When the 
proportion of mastic to alcohol is correct, the resm is precipitated so finely as to elude the 
highest microscopic power By reflected bght such a medium appears blmsh, by transmitted 
light yellowish , which latter colour, by augmentmg the quantity of the precipitate, can be 
caused to pass into orange or red , but the development of colour in the attenuated mtnte ol 
amyl vapour, though admitting of the same explanation, is, doubtless, mqre similar to what takes 
place in our atmosnhere The blue, moreover, is purer and more sky-Bke than that obtained 
from Bnicke’s turbid medium. The results obtained with bydnodic acid ore of so starthng and 
unprecedented a character, that we consider it important to give them m Professor Tyndall’s 
own words, as follows — I have seen nothmg so astomshmg as the effect obtomed, on the 28th of 
October, with hydiiodio aciA The cloud extended for about 18 mches along the tube, and 
gradually shifted its position from the end nearest the lamp to the most distant end The 
portion, qmtted by doud proper, was filled by an amoiphous haze , the decomposition> 
whi^ was vrogyessbgtfwer down, being here, apparently, complete, A qiectral cone tuned 
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Its apex towards the distant end of the tube, and, frofti its circular base, filmy drapery Beemed 
to fall Placed on the base of the cone was an exquisite vase, from the interior of which sprang 
onothey vase of similar shape , over the edges of these vases fell the faintest clouds, rcsumbhng 
spectral sheets of liquid From the centre of the upper vase, a straight cord or cloud passed for 
some distance along the axis of the experiment^ tube , and at each sido of this cqrd two 
involved and highly indesceut vortices were generated. The frontal pSrtiou'of the cloud, 
which the cord penetrated, assumed in succession the forms of roses, tulips, and sunflowers It 
also passed through the appearance of a senes of beautifully shaped bottles, ^placed one within 
the other Once it presented the shape of a fish, with eyes, gdls, and feelers. The light was 
suspended for several minutes, and the tube and its cloud permitted to remain undisturbed in 
darkness On re-ignitmg the lamp, the cloud was seen apparently motionless withm the tube , 
much of its colour had gone, but its beauty of form was unimpaired. Many of its parts were 
calculated to remind one of GassioPs dischaiges , but in complexity, and indeed in beauty, the 
discharges would not bear comparison with these arrangements of cloud A friend, to whom I 
showed the cloud, likened it to one of those jelly-like marine organisms, which a film, barely 
capable of reflecting the light, renders visible. Indeed no other compatisoii is so suitable , and 
not only did the perfect symmetry of the extenor suggest this idea, but the exqmsite casmg and 
folding of film withm film suggested the mtcnlal economy of a highly complex organism. The 
twoness of the anmial form was displayed throughout, and no cunl, disk, or speck existed on one 
side of the axis of the tube, that h^ not its exact counterjurt at an equal distance on the other 
I looked m wonder at this extraordinary production for nearly two hours " (Sec Chemical Actum 
of Light ) • 

CHEMISTRY A definition has been named a mctaphoncal word, signifymg literally, 
“ lajmg down a boundary,” and mtended to explain aterm, so os to sejniratc it from everything 
else, as a boundary separates one field from another It is difficult so to separate chemistry 
from ither sciences since it is always shifting or enlarging its boundaries and encroaching upon 
ether sciences Not that definitions of chemistry are wanting, for they are almost as numerous 
as the older Handbooks and Treatises on the Science The very term itself is of unknown origin. 
1 IS probsbly derived from Alchemy, or more properly Al Jeemy, from the Arabic word Kyamon, 
“ the substance or constitution of anything ” Hence Alkcmy is tho knowledge of the substance 
01 composition of bodies , and chemistry, “ the wise daughter of a foolish mother," is derived 
from Alkemy 

Lut cheiiiistiy was not bom wise she had to pass through a long period of foolishness before 
she attained to that wisdom which now excites the admiration of mankind Her educators had 
to renounce the foolish notions of tho parent, and endeavour to applv tho idea of analysis to 
matter os they^^had been from an early period to words , namely, to resAve these into their com- 
ponent letters, that into its simplest fontiB Men possessed the fundamental ideas of elf ment and 
mhstance long before they learnt to express them clearly By a miiltiphcation of facts they 
gradually perceived that there existed a pecuhar relation of the elements to their compounds , 
but they were slow to perceive that compounds could possibly differ in properties from those of 
the elements that formed them Their notion was that compounds denvo their properties from 
then elements by resemblance. They could not conceive an acid body, for example, not to con- 
fer acid properties on the compound The four elements — fire, on, earth, and icater — existed 
on the notion that bodies were hot or cold, dry or moist, and on this distinction was based, during 
a long period, the practice of medicine Diseases were classed os luot or cM, &c , and tho remedies 
were arranged to meet this view Whilo the latro-chemists (or those that applied their science 
to medicine) were thus woiking,<innumerablc processes m the useful arts contradicted their theory 
by showing, every day, how useless it was to expect to find in compounds the resemblances of 
their components. The workers in metal, the tanner, the brewer, the vintner, all bore testi- 
mony to the contrary , tCnd it was not until the idea of the four elements was superseded by the 
doctnne of the three princi^s, salt, sulphur, and mercury, that chemistry began to advance, and 
then It was by the recogmtion of the fact that compounds, unlike the materials used, are the 
result of the union and the separation of matter, men slowly roahzed the idea that substances 
are not necessarily l^e what they make 

But the teaching of the “ foolish mother ” still lingered The fanciful idea yet prevailed, 
that the products of bodies dejieud on. the forms of their ultimate particles, such as round or 
angular, pointed or hooked, straight or spiral. The particles of a sweet subbtonce were supposed 
to be rou^ and smooth , those of an acid, sharp and jagged Even the philosophy of Descartes 
and of Gassendi was tamted with this doctrme That respectable writer Lcme^ Bays, that 
“ no one wiU dispute that an acid must consist of sharp-pointi particles, which pnek the tongue 
anything shoip *and fineJy cut Moreover, we see that acid salts oiystallise into edges. 
Mieae add points enter the soM matter of an alkali which is adapted to their fonn,” muob| we 
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may suppose, aa the sheath is adapted to the sword Even Dr Mead, so late as 1745, refers 
to the lamellse or blades which constitute the poisonous effect of corrosive sublunate. 

Another ide^ which baa retarded the progress of chemistiy, refers the chief force in the for 
mation of compounds, to the mechanical attraction of the elements. This idea arose out of the 
Newtonian philosophy Newton himself speaks of “ certain forces by which the particles of 
bodies, (through caiises not yet known, we either urged towards each other and cohere, accord- 
ing to regular figures, or are repelled and recede from each other When, for example, salt of 
tartar runs per dt^uium [dehquesces], is not this done by an attraction between the parbclea 
of the salts and the particles of the water which float in the air in the form of vapours ? And 
why does not common salt, or saltpetre, or vitnol, run per ddiquium, but for want of such an 
attraction Other cases are given by the same great authority to show that chemical combi 
nations act by a mechamc^ attraction of particles. Many of Newton’s! disciples, unmmdful of 
the cautiouB habits of thought of the master, pushed this notion beyond the limits of sound 
theory, and explamed the formation of compounds as the mere mechanical attraction of par 
tides, forgetting that thia is quite inadequate to explain changes of colour, transparency, tex- 
ture, taste, odour, &c., due to small changes in the ingredients. Thus, m a work dedicated to 
Newton, Dr Frend, in 1710, adopts the mechanical idea of attraction m the formation of all 
compounds “ That force of attraction,” he say^ “ of which you first so successfully traced the 
influence in the heavenly bodies, operates in the most minute corpuscles, and this force we are 
only just beginning to perceive and to study ” But Newton (as if anticipating the modem fic- 
tion of Frankenstem) wds startled at the effects of his own work, for he says, “ The parts of all 
homogeneal bard bodies which fully touch each other stick together very strongly , and for ex- 
plaimng how this is, some have invented hooked atoms, which is beggmg the question.” For, 
he wovdd ask, how do the ports of the hook cohere ? 

As time advanced, it was seen that no mechanical force can acconnt for changes of colour, 
texture, odour, &c , that bodies cannot consist of elementary particles exerting forces of the 
same nature os the central forces considered in mechanics It was admitted that the force 
which produces combination is a peculiar principle, a special relation of the elements, not cor- 
rectly expressed in mechomcal terms This peculiar principle was named Affimly, which signi- 
fies a disposition to combine — to form an alhanco aumlar to that ot mamoge — accompanied by 
the further idea, that where there is mamage, divorce (analysis or separation) is possible. This 
was clearly shown by Mayow as early as 1674 He proved that where opposite elements, such 
as an acid and an aJkah combine, their properties disappear, and a new substance is form^ not 
resembling the ingredients. He says, “Although these salts thus mixed appear to be destroyed, 
it IB still poBBiblo for them to be separated from each other with their powers still entire ” Ho 
clearly points out the tie o meat chemical processes — Analyna and Synthesis He also showed 
that ^nity is elective “ I have no doubt, ” he says, “ that fixed salts choose one acid rather 
than another, in order that they may coalesce with it m a more intimate union " 

The next idea that greatly promoted the advance of chemistry was, that afiinity is dicfinite as 
to quantity BoueUe, in 174^] speaks of salts with excess either of acid or of base, and of per- 
fectly neutral salts When the balance became part of the necessaiy furniture of every labo- 
ratoiy, it was found that the proportional weights of the ingredients of every neutral compound 
were always the same, as was shown by Wcnvel m 1777 The same idea was token up by 
llichter in 179^, and led to the Atomic Theory ot Dalton in 1803 

Did the nature of this work admit of long articles, wo might go on to show how chemistry 
advanced by the confirmation of defimte ideas as to tho indestructibility of matter, and on such 
important prmciples as that a body is equal to the sum of its elements , that chemical compo- 
sition determines physical properties w e should also have to mark such eras in the science as 
the discovery of oxygen gas, and the destruction of the pldoglston hypothesis, the discovery of 
the composition of water, and the foundation of pneumatic chemistry, ' 

It would not be possible to pursue this mere indication of the pibgress of chemistiy without 
encountering details of snflBcient extent and importance to fill a volume Hence it will not excite 
surprise that modem writers of handbooks, &c , on chemistiy do not attempt to define the science, 
but prefer to state its obiects Wiese are given m Professor Miller's EUrrenta in the following 
terms . — ” I To resolve matter into its simplest components 2 To ascertom the properties 
of these simple or elementary forces of matter 3 To combine two or more of these elementary 
bodies with eaifii other, so as to form compounds 4 To study the properties of these com 
pounds , and, 5. To define the conditions under which such compounds can exist ” These 
objects are^ embraced by pare, theoretical, or philotophical ehemiatry This again may be divided 
into oryante and inorganic ohenfistiy, and lie former into animal or tmekibU chemistiy, and 
the latter into maaUuTgte, agrundtural, medical, &c , chemistry. ’ 

I Chemistiy also partakes of the nature of an art aa well os a scienoe, when it puts -forward 
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certam rules and mecliamcal methods for cffcctmg the objects above enumerated This is ^prac- 
tical chemistry We also speak of eyviketvaal cheimstry, which treats of the union of bodies 
into well-defined compounds , analytical chemistry, wbuch (i) detects the several constituents 
of a component body, and (2) estimates their quantities , (i) being termed qualitatne, and (2) 
ij lantUative aiialysts There is a branch of analytical chemistry known as assaying or dociniacy, 
wluch IS the art of detectmg and estimatmg the precious metals m their various compounds 
Apilted chenmtry is the application of chemical principles to the vanous subs&nces used'^n ordi- 
nary hfe, such os pharmaceuiical chemistry, which relates to the preparation of substances used 
m medicme , tedmwal chemistry, which relates to arts and manufactures, and^his admits of a 
large number [of subdivisions, the chemistry of glass-making, dyeing, the smelting of metals, 
soda-making, &c &c , requiring special knowledge of particul^ branches of this vast science 

CHEMISTRY OF SOILS See So^s, Chemistry of 

CHEYAL-VAPEUR The French unit by which rates of work of machines are compared 
One such unit represents the work performed in raising seventy-five kilogrammes through one 
metro in a second It is nearly equivalent, therefore, to tho English “horse-power,” the latter 
bemg 33,000 foot-pounds per mmute, and the former nearly 32,500 foot-pounds per nuuute. 
{Boe Foot pound j, KUoqrammdre. and lIorse-poiBci ) 

CHEVRBUL’S CHROMATIC CIRCLE • This consists of a series of seventy two tints 
passing gradually into one another, and each modified by twenty shades varying from almost 
white to almost black. The whole diagram, therefore, consi^sts of 1440 colours, and by referring 
to these by number some approach towards a standaid nomciicl ituro of colour may be obtained 
The name is from that of the French savant who first devised it Sco Watt’s fictional y 0/ 
Chemistry, article Light, page 652 Also Guillcmin’s Phenomincs de la Physique 

CHILE SALTPETRE Bee Nitrates , NUi ate of sodium 

CHIMES, ELECTJEtIC An electnc toy used for illustrating attraction and repulsion It 
consists of three small bells suspended m a row from a brass rod Tho two extreme bells are 
suspended by means of brass chains, tho middle one by a silk thread Thus when tho brass rod 
IS hung by a hook from the prime conductor of the machine the extreme bolls *e in connection 
wilL he pnme conductor and the middle one is not A chain is brought from the earth to the 
latter Eetwoen the bells ore two little brass balls hung by silk threads in the some bne with 
them When tho machine is turned tho extreme bells otw charged , they attract the brass balls 
uliuh H nng toward them and strike against them On doing so the balls become charged by 
confvet and aro then repelled by the extreme bells and attracted by the bell connected with tho 
earth and swinging up agomst it they discharge themselves, then back ogam to the extreme 
bells, and so on, ringing the bells aU the time 

CHLADNI’S FIGURES These are the figures formed by sand ^hich is strewn upon a 
horizontal plate clamped at one point and set m vibration by a violm bow The formation of 
the figure is aii immediate conBcxjudice of the formation of nodal lines or lines of rest If the 
plate be square and clamped m the middle, the lowest or fundamental note is produced when 
the plate vibrates in four segments If tbe finger be lightly placed at one comer and the bow 
be drawn across the edge at tho centre of one of the adjacent sides, the only lines of rest will be 
the two diagonals These wiU divide the square into four segments, of which the two opposite 
ones are always in the act of ascending or descending together, while tlie ncighbounng segments 
are so related that when one is going up its neighbours are going down, and nee vetsa Tho 
particles of sand are tossed about as long as they are upon the moving segments, but when they 
fall upon the nodal lines (in this case the diagonals) they remain at rest The result is that the 
sand quickly accumulates on these lines A square plate may also be mode to vibrate m four 
segments by touching the centre of one of the sides with the tager and drawing the bow across 
the oomer The nodal lines m this case are the two straight hnes joining the centres of the 
opposite sides If, in either of the above cases, the finger bemg placed as before, the bow be 
drawn more lightly and rapidly it is possible to niake the plate sound the higher octave This 
IB immediately exhibited by the nodal lines, four curved fresh lines not crossing the original 
ones bemg produced, so that the whole plate is divided into eight segments By varying the 
points at which the fipger is placed and the bow drawn a countless variety of figures of great 
beauty may be proceed. The number may be further mcrcased by vaiying the point at 
which the plate is clamped. In all cases, the point touched by the finger, and all symmetrically 
situated 'points, aro the extremities of nodal Imes, while the point scraped by the bow^ond aU 
symmetrically situated points ore m maximum vibration The relation between the pitch of 
the note and the number of segments m which the plate is divided is well shown by means of a 
*^ular dish clamped m the centre If the finger and bow ore onc-eighth of the circumference 
^art the segments afe four m number and tbe fundamental note is produced. If the distance 
wtween the two is one-aixteenth of the c&cumference the higher octave is produced and so on. 
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CiTcu'Uur BegmeutB may be obtained by; damping the circular disk eccentncaJly, making a hole 
m its centre and drawing a few horse hairs through it The point where the plate is clomped 
will be a point, on the nodal circle The same effect may be shown in a more striking manneF 
by faatenmg a rod of wood or brass to the centre of the disk and (holding the rod in the*middle) 
setting it in longitudinal vibration by rubbing it with reamed leather Sand strewn on the 
disk Will arrange itself m the rings of nodal lines which will bo more numerous the shorter 13 
the ro&* Sand figures produced m any of these ways can bo rendered permanent by trans- 
ferrmg them to blackened papci, the surface of which has been moistened with g^m If iron 
filings are used mstead of sand, they may lie eitposed to the vapour of mtro*hydroclilonG acid 
until some perchlondo of iron is formed, then a piece of white paper moistened with 
feiTO-cyamde of potassium la pressed upon them, the fihngs prmt themselves in 'Prussian 
blue I 

CHLOHAL (So named to indicate its ongm from chlonae and alcohol.) A colouriess oily 
looking fluid of a pecuhar penetrating odour, soluble m alcohol, water, and ether It is pre- 
pared by jiassing dry chlorine into anhydrous alcohol , a copious evolution of hydrochloric acid 
takes place, and chloral (CjCljHO) is formed When a small quantity of water is added to 
chloral, they unite, fo rmin g a crystallme compound of considerable stabihty in the air When 
chloral, or its hydrate, is mixed with a caustic alkah, it is immediately decomposed into a 
formeate wnd chloroform " Kept m the anhydrous state for a few days, chloral gradually 
changes to a white mass like porctlam, without, however, any alteration in chemical compo'*i. 
tion Hydrate of chloral is of considerable value m medicine, as it is a very powerful hypnotic, 
rapidly prodycing sound and refreshmg sleep, whilst it docs not appear to be followed by 
injurious reaction 

CHLORIC ACID See Chlorine 

CHLORIDE OF LIME Sec Chlorine, ITiipochlonttS 

CHLORINE (xXwpos, green ) A yellowish green gas, of a veiy pungent and suffocating 
odour. Specific gravity about 2 5 , atomic weight 35 5 , symbol Cl When condensed by a 
pressure of four atmospheres it becomes a yellow liquid of specrfic gravity i '33 The gas dissolves 
in half ita volume of water, forming a faint yellow solution, with the peculiar smell of chlonne, 
When passed into water which is near the freezing point, a Hydrate of chlonne (Cl SH^O) 
separates in ciystals In its chemical properties chlonne is very energetic, unitmg directly with 
many other elements, sometime's with incandescence, as, for instance, with phosphorus, arsenic, 
antimony, &c , and also with many organic comxxmnds, its principal action being to unite with 
hydrogen to form hydrochloric acid Its afiimty for hydrogen is one of its strongest character- 
istics , it decomposes water With separation of oxygen, and thus indirectly acts as a' powerful 
oxidising agent , hence^hlonne is of great value in destroying orgamc colouring and other 
matters, and also as a bleaching agent and dismfectant Chlonne is prepared by ovidismg 
hydioclilonc acid, by heating it with binoxide of manganese The compounds of chlonne are 
very numerous and important , those which aro not desenbed below will be found under the 
name of the other element of the compound 

The oxygen compounds of chlonne are Hypochloroaa aad, Chlorova and, Chloric and. 
Perchloric and, besides other oxides of unimportant properties, and leas definite composition 
HypoddorouB Aad, a pale reddish yellow gas, with an odour strongly resembhng that of 
chlonne Formula 01,0 , when slightly heated it decomposes with explosion , it dissolves m 
water, fonnmg a yellowish solution, with on acid reaction , it possesses strong bleaching 
properties, and unites with bases to form salts Three of these, the calcium, sodium, and potas 
Slum salts are of great use as bleaching substances and dismfectants 

Hypochlorite of Calnum (ClCaO), known os cMonde of lime A dry white powder, of a 
peculiar chlorous smell, and strong bleaching and disinfecting properties, somewhat soluble m 
cold water, but decomposing when heated. It is formed, on the laigp* scale, by passing chorine 
gas over slaked hme to saturation 

Hypochlorite of Sodium The compound known under this name is a mixture of hypo- 
chlorite and chloride of sodinm , it is prepared by pa-ssing chlonne gas through caustic soda, or 
by decomposing chloride of lime (Hypochlonte of c^cium) with 'carinate or sulphate of 
sodium 

Hypochlorite of Pedassium, or Eau de Jai'eUe, is prepared id a similar manner to the above , 
it is cdso similar m composition and properties The hypochlontes of magnesium, aluminium, 
and zme have also been proposed for use as bleaching agents 

Chlonma Acid (C1,0,) is a yellowish green gas, very similar to hypochlorous add ; it forms 
salts with bases, but th^ are unimportant 

Chlonc Acid (HCK^q) A colourless syrupy liquid, strongly add, and very powerful os 
an oxidismg and bleaching agent With bases it forms well-defined salts, whi<^ are decomposed 


CHL 


103 


OHL 


by heat with evolution of oxygen, and detonate when heated with combustible bodies, the most 
important of these are the following* — 

Chlorate of Banvm (BaOlOs). This forms large prismatic colourless crystals, which decrepi- 
tate and melt when heated to a temperature approaching redness , the salt is readily soluble in 
water , it is much used m pjrotechny,* as it produces an mtense green light when it is heated 
with sulphur or other combustibles 

Chlorate of Potassium (KClOg) A salt which crystallises in large sixisided’ plates, quite 
peimanert m the air, and soluble m water , when heated it fuses, evolving oxygen, and leaving 
a residue of chloride of potassium It is largely used m laboratories as a source of oxygen gas 
When mixed with combustible substances such as sulphur, antimony, or phosphorus, and struck 
with a hammer, the mixture detonates , when mixed with some other combustibles, and touched 
linth a drop of concentrated sulphuric acid, the whole ignites with a bright flash , when added to 
strong sulphuric acid, gaseous peroxide of ehlormo is given off, which ignites combustible bodies , 
when h*eated with strong mtnc acid, a mixture of chlorine and oxgyen is evolved, and with 
strong hydrochloric acid, a mixture of peroxide of chlonnc and chlorine Chlorate of potassium 
IS largely used as an oxidismg agent in the laboratory, and in some manufacturing operations, m 
calico pnnting, for instance , and it is also used m tbe manufacture of lucifer matches, fiicworks, 
and percussion caps 

Perchloric Aad (IICIO4) In the pure state this is a colourless oily liquid, very volatile, 
and easily decomposed. Specific gravity 1 782 It is, perhaps, the most powerful oxidising 
agent known , a single drop brought in contact with charcoal, or other combustible body, 
mduces combustion with explosive violence. It umtes energetically with water, forming a 
/tydmte (HClO^HjO), a white sobd crystalline substance melting at 50° C (i2Pr) This is 
almost as violent in its oxidising powers as the anhydrous acid Fcrchlonc acid unites with 
bases 10 form well defined salts, which are, for the most part, very soluble in water , the only 
one nhich need be mentioned is Perchlorate of Potamum This is formed by carefully heating 
chlorate of potassium to a little above its fusing point , after a short time oxygen ceases to como 
0% and the hquid mass becomes pasty From this, perchlorate of potassium is obtamed by 
r, talhaation, it is spanngly soluble in cold water, and decomposes at a dull red heat into 
chloride of potassium and oisygen 

Cblorhydnc Acid ^HCl ) See Hydrochlone Arid 

Chlmdet. Chlonne unites with almost every other clement, and with numerous organic 
compoimds, xuch as organo-metallic radicals, alcohol radicals, aldchyd radicals, and acid radicals. 
All chlorides, which are of importance, wul be found described under their respective names , 
those of the metals being given under their headings 

CHLORINE, SPECTRUM OF. The absorption bnes, produced b« the passage of the solar 
light through cMorme, have been exammed by Morreu, [Comptes PenWus, Ixvui , p 376) He 
has found tbal by employing a spectroscope of five pnsras of highly dispersive flint glass, absorp- 
tion lines are distinctly visible in the spectrum of light which has traversed a tube filled with 
chlorine, two meters in length The hues begin to be visible in that part of the spectrum near 
B They vary m intensity, fineness, and mode of grouping, and exhibit some slight free spaces 
They have no regular order, and extend beyond the ray F, towards the ray zi 10 of Kirchhoff's 
scale In this last portion they are very numerous, and almost equidist^t The solar spec- 
trum proper continues visible as far as 2210, but after that the light is completely absorbed. 
Chlonne therefore absorbs the coloured portion of the spectrum where the chemical rays are 
most abundant (See Spectrum ) 

CHLOROCHROMIC ACID See Chromium 

CHLOROCODIDE By acting on codeia with a great excess of hydrochloric acid at a high 
temperature apomorphia is produced, but by a modification of the experiment Messrs Matthicssen 
and Wnght obtained a ’base which they call chorocodide, of the composition CijHjjClNOa. 
It has no marked physiolo’gMJal action (I’roc B S xviii , p 83 ) 

CHLOROFORM, or Perehlonde of Formyl A transparent, colourless oily liquid, which boils 
at 61° C (142'' F ), and distils without change Specific gravity i 49 The odour is pleasant 
and ethereal, and when inhaled the vapour rapidly produces unconsciousnoss and mscnsibility to 
pam , on this occouiil chloroform is extensively used as an anrcsthetic 111 surgical operations. 
Chloroform ts shghtly soluble m water, and mixes in all proportions with alcohol and ether. 
It dissolves phosphorus, sulphur, lochno, and many organic bases The formula of chloroform la 
CHCI3 1 >t IB prepared on the large scale by distiUmg bleaching powder (hypochlorite of hme) 
with alcohol 

CHLOROPHYLL The green colouring matter of leaves , In the purest state in which it 
has been obtained, it>ts a dark green powder unaffected by any heat below 200® C (392“ F.), 
>i>Boloble in water, Bhghtly soluble u e^er, and more so m alcohol. Acids and alkalies dissolve 
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it. The formula has not been satisfactpnly deteimmed Some observeia consider that it con- 
tains iron, and has some resemblance to the colouxmg matter of the blood , others, however, do 
not admit this 

CHL0B.0PLATINA.TES Compounds of platinic cTjloride and other chlorides are called 
chloroplatinates. These double salts usually crystallise with great facihty, and are difficultly 
Boluble^ui w^ter The chloroplatinates of organic bases are usually employed for the purpose of 
fixing their composition, as they are prepared and purified with great faeility, and on ignition 
leave pure platinum The following chloroplatmatra deserve mention — 

C^dlrroplatvnate * of Ammomum (NH4)2PtClg This is a lemon-yellow powder, almost 
insoluble in water, which is precipitated when chlonde of ammomum is added to platmic 
chloride. On ignition it leaves spongy platinum 

CMoroflattnaie of Potaaaium, Hj^-’tCl^i, much resembles the ammonium salt. It is veiy 
sparingly soluble in water . 

The Chloroplaltnatea of Cccaium and Rubidium have similar composition to the above, and 
are etiU. less soluble in water An aqueous solution of chloroplatmate ofi potassium is sometimes 
used as a test for the presence of both rubidium and cxsmm, 

C/doroplatinate of Sodium is easily soluble m water, and crystallises in hght yellow prisms 
Platmic chloride is used m quantitative analysis as a means of separatmg potassium from 
sodium 

CHOKE DAMP Sec Carbon, Carbonic Acid 

CHOLESTEillN A fatty Bub8td,nce extracted from gall stones , it occurs in bile, blood, 
brain, yolk of egg, &c It is a white, tasteless, inodorous substance, ciystallising in pearly 
scales, msolubfc in water, but easily so in hot alcohol, from which it separates m crystals on 
cooling Formula CsgH440 It melts at 137° C (279° F ), and distils at 200“ C, (392° F } 
without alteration 

CHOllD In music the union of two or more sounds produced at the same time in conse- 
quence of the recurrent coiuudcnco at short intervals of their constituent vibrations (ISee 
harmony ) 

CHOROID COAT (xopiova, membrane, and eiSoy, form ) A delicate membrane lining the 
inner surface of the sclerotic coating of the eye (See Ri/c ) 

CHROMATES Combinations of chromic acid with bases are called chromates , the most 
important are the following — 

Chromate of Jiatium (BaCrOj) A pale, yellow powder, insoluble in water , sometimes used 
as a pigment 

Chromate of Lead (PbCrOj ) — This is found native in translucent reddish yellow crystals, 
known under the name ^ red load ore. Artificially prepared it is a yellow, insoluble powder, 
which vanes m shade according to the mode of preparation, and is much used as a pigment under 
tho name of Chrome Yellow, A basic chromate of lead (PbgO 2rbCr0g), is also prepared as 
a pigment by heating the neutral chromate with alkahes It is of a deep orange red colour, 
and 18 known as Chrome lied 

Chromalea of Potaaaiwm — These are prepared on the large scale, and are much used in the 
arts and manufactures The neutral or yellow chromate of potassium forms six-sided pyramids 
of a pale lemon-yellow colour, soluble in about twice its weight of cold water, much more so in 
hot water, and insoluble m alcohol Acid chromate of potassium (KgO 2Cr20j), known also 
as Bi'Chromate of Potash or Red Chromate of Potash Crystalhses m nch red prisms, which are 
permanent in the air It dissolves in ten times its weight m cold water, and in less of hot At 
a little below redness it melts, and on coohng solidifies without altering m composition. It is a 
powerful oxidising agent, and is largely employed in dyemg and calico prmtmg, and m tho 
preparation of coloured pigments 

Chromate of Stiver (AgOrO,), a scarlet insoluble powder, preci|)itated when a soluble 
chromate is added to mtratc of silver 

CHROMATIC CIRCLE, CHEVEEHL’S. Ixpu/mtikos — xP^/^t colour, xP<^vfu, to stain ) 
See ChevretiPa Chromatic Circle 

CHROMATIC DYNAMOMETER See hynamameler, Chromatic ^ 

CHROMATICS That branch of the science of optics which relates {o colour The spec- 
trum IB a chromatic scale of colour 
CHROMATOSCOPE See ScmUllaiim, 

CHROME ALUM. See Alum 
CHROME IRON ORE See Chromium. 

CHROME RED See Chromates, Chromate of Lead. 

CHROME YELLOW.. See Chromates, Chromate of Lead * 

CHROMIUM, (x/wjua, colour ) A metalbo element discovered by Yanqndin. Symbol 
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Cr. Atomic weight 26 2 It la almost unknown in the metallic atate Ita compovmda are 
remarkable for their numerous and bnlliant colours, whence its name The moat abundant 
native compound is diroTne iron ore, a combination of oxides of iron and chromium, of the 
formula, when pure, TcjO Cr^Os Chromium forms severid oxides, the ‘protoxide, CrjO , lie 
eeequiooade, Gtfi^ , chromic acid, Cr^Og , and perckromic add, Cr^O^ Tlie protoxide }a very 
unstable and forms salts which ore but little known. The aesqmoxide in thi anhjdroup -state is 
a dark green powder, sometimea m rhombohedral crystals When gradually heated it suddenly 
becomes incandescent and is then almost insoluble m acids In the hydrated state it is a 
hghter green powder, soluble m fixed caustic alkahes, fomung a green solution, and repre- 
cipitated on boihng , it is also soluble in acids The amount of water it contains depends on 
the maimer of preparation Ita salts appear to exist m two modifications — green and 
violet 

Chromic Acid, forms scarlet needle-shaped crystals which are deliquescent m damp air , they 
melt at 190° C (374° F ) and give off oxygen at a higher temperature, being reduced to the 
sesquioYide Orgomc substances also rapidly reduce it to tho some compomd Chromic aud 
forms salts with bases (See Chromates ) 

Perchromic Acid A blue substance known only in solution, formed when peroxide of 
hydrogen is mixed with a solution of chromic held It appears to form violet salts, which are 
readily decomposed Owing to the intensity of the blno colour tbis reaction with peroxide of 
hydrogen is sometimes used as a test for chromium 

Chlorides of Chromium The only chlonde of importance is the stsquiehlonde (CrgCljl, which 
forms ahinmg laminae of a beautiful peach colour, insoluble in cold water, but sAluble m hot 
It sublimes at a high temperature The aqueous solution is dark green and gives the reactions 
of solutions of sesquioudes of chromium 

OtyrhloTule of Chromium or Chlorochromtc Acid (Cr CI3 Cr203) is a deep blood red, almost 
black, hquid, formed by distilling a mixture of chromate of potash, chlonde of sodium, and 
strong sulphunc acid Specific gravity 1*71 Boiling pomt 1 18° C (244 S* F ) It sots fire to 
c isily combustible bodies, and is decomposed by water into chromic and hydrochlonc acids 
'KROMO-FHOTOGRAPHI? That branch of tho photographic art which relates to tho 
pioduction of photographs m their natural colours Many attempts have been mode to produce 
photographs m natural colours , this has been partially accomplished by Nifepce de St Victor, 
R Bl .((Uerel, aud others, and tolerably truthM representations of coloured objects and even 
th solai spectrum have been exhibited by these cxpenmentolists , but all attempts to render 
tlicm permanent have hitherto failed, exposure to hght gradually obhterates them (See 
Phutofyraphy ) v 

CHROMOSPHERE {xp^pa, the colour of the skin , ir^aipa, a spUre ) The name given 
by Mr lior-kyt r to a solar envelope first fully recognised by Secchi “ The observation of eclipses, " 
sijb Secchi, '‘lumishes indisputable evidence that the sun is really surrounded by a layer of 
red matter, of which we commonly see no more than the most elevated pomts” — Etudes 
Rdigvcuses, ffistonques, et LiUeravres, August 1867 The spectroscopic observations of Mr. 
Lockyer supply abundant evidence of the justice of Secchi’s view 

CHRONOLOGY [xpavdhvyla) The science which treats of the different divieions of time, 
whether as relating to astronomical or other events. The astronomical relations of chronology 
are considered chiefly under the heads Bissextile, Calendar, Cycle, Year, &c Histoncal chronology 
IS only related to the subjects treated of in this work, m so far as certain historical events 
have been associated with such astronomical occurrences as solar or lunar eclipses, occultations, 
the appearance of comets, and the like But even those relations cannot be considered here, as 
their due treatment requires much more space than is available, besides mvolving a multitude 
of considerations which he wholly apart from the scope of this work 

CHRONOMETER (fxpSyoi, time, and (Urpov, measure ) A watch constructed with 
special care to ensure accutate time measurements during long intervals of tune For this 
purpose a number of contrivances are made use of, the chief having reference, first, to tho 
effects accrumg from vanp^tions of temperature, and secondly, to the effects resulting from the 
vaiying action of thejnotive force We owe to Hamson the first successful construction of 
accurate time-keepers It need hardly be said that the chronometer is an instrument of first- 
mte importance to the seaman undertaking long voyages. (See Longitude, Determination cf ) 
.GHRONOSOOFE. (xpovos, time , moTreu, to examine ) An instrument mvented by 
Wheatstone for the purpose of determining the duration of the electric spark, and the velocity 
of electnc discharge It is founded on the optical effect known aa persistence of the image on the 
^ina ; that, in fact, which gives nse to appearance of a Imto of light when a stick with a 
burning pomt is whirled m the air In Wheat^ne's instrument a sn^ mirror waa caused to 
mtate with enoiliious arnpilni- velocity round an axis m its own plane, and the image of tho 
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Bpark or other luminouB object wae observed in it Under these cirouiiistBinces, if the illumuis- 
tion be instantaneous, the image will appear as a mere spot of light, precisely the same as if the 
mirror were at rest , but if it lasts for any time, then the mirror, moving on in the interval, 
gives rise to an image extended out mto a Unt of liffhl This may readily be observed by any 
one who takes a mirror m his hand, and either waves it about or makes it revolve in &ont of a 
candle ", It is-easilj shown by geometry that, in the case of a revolving mirror, the angular dis- 
placement the image is twice that of the mirror If, then, the length of the Ime of hght be 
measured, and if tjie velocity of rotation of the mirror be known, the duration of the spark is 
calculable By means of the chronoscope, Wheatstone showed that an ordinary spark from an 
electric machme, or from a Leyden jar, dischaiged in the common way, lasts less than the mil- 
lionth of a second , but that, m the latter case, if the discharge takes place through half a mile 
of copper wire, the spark lasts for a sensible time The instrument ho^ also been employed to 
demonstrate the discontinuity of certam flames. ' • 

CHRYSANILINE Sec Arnline 

CHRYSEONE See Stltcon 

CILIARY BODY, or PROCESS {Odium, Kv\a, eyeladies, hair ) The muscular fibres 
which hold the crystalline lens, and by their contraction cause its curvature to be altered for 
distinct vision (See Eye ) 

CINCHONA BARK, ALKALOIDS FROM The organic alkaloids contained, in these 
barks consist of quimne, cmchonmc, cmchonidine, and quimdine, together with qmnotanme, 
quinoviG, and quinic acids Of these the quimnc is by far the moat important, and is generally 
present in thor largest proportion, although in some harks it is almost entirely replaced by cmcho- 
mne The percentage of quinine m the dried bark is sometimes as high as 3 7 per cent , and 
at others as low as o i per cent or less The methods of extracting quinine and the other 
valuable constituents are somewhat complicated Their preparation is conducted on a very 
large scale in many parts of the world, and so greatly is a “ quimne fanune ” dreaded m tropical 
countries, that energetic steps have been taken by the government of India to mtroduce the 
cultivation of the cinchona plant mto various parts of that country where it has not hitherto 
grown, whilst other governments are adoptmg similar measures to spread its cultivation else- 
where In localities where cpidcnuc fevers are prevalent, the pnee of qumme has been known 
to rise from a few shillings per ounce to upwards of ;^20 per ounce Owing to the great value of the 
cmchona alkaloids in medicine, attempts have rejieateclly been made to prepare them artiflcially, 
and there is little doubt that this will some day ho accomplished, ^though hitherto the 
attempts have not been successful For a descnptiou of the principal alkaloids, see separate 
articles j 

CINCHONIDINE / An organic alkaloid sometimes accompanying quinine and cinchonine 
in cinchona harks It is very sparingly soluble m water, but tolerably so in alcohol The for- 
mula 18 not quite settled, but it is supposed by Pasteur to be isomenc with cinchonine It 
forms hard anhydrous rhombic crystals, which have a bitter taste. They melt at 347° F , and 
decompose at a higher temperature 

CINCHONINE An organic alkaloid existing in cmchona barks, togfether with quimne 
Formula C2oH24NgO It ciystalhses m brilliant colourless four-sid^ needles, insoluble in 
water and ether, and only shghtly so in alcohol and chloroform The solutions have an aJka- 
hnc reaction and a bitter taste When heated to 330* F , it melts to a colourless hqnid, and at 
a higher temperature sublimes with partial decomposition It forms salts with acids, which arc 
for the most port crystalline, and soluble in water Cmchomne and its salts are sometimes 
used in medicine as a febrifuge, but their effect is much inferior to that of quinine 

CINNABAR. See Mercury, Sulphide 

CIRCINUS. (The Compastet ) An inconspicuous southern constellation formed by 
Lacaille , ' 

CIRCLE, HOUR See Hou/r Circle 

CIRCLE OF THE CELESTIAL SPHERE A circle in which any plane intersects the 
celestial sphere Planes passing through the centre of this sphere meet its surface in great 
arclos, as the edtpUc, equator, prime vertical (g v ), &c Planes not passing through the centre 
meet the sphere in small circles (See ParaUds ) When the word circle is with an- 

other term as declination, latitude, or the like, the circle referred to is the great circle on which 
the declmatioii, latitude, or other riement, as the case may he, is measured Thus a dedinutum' 
circle IB one which passes through the poles of the heavens, on which, therefore, iianliini.tanna can 
be measured. And so for the rest 

CIRCLE, RIGHT ASCENSION See Hour CircU 

CIRCUIT, GALV A galvanic pair, through which the curreflt is passmg forms a 
complete chain or circuit, as it is called. Thus, m a typical case (see Oalvanic Pair), the current 
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may be supposed to start from the zmc pass through .the liquid to the platinum, and thence 
through the wire back agam to the zino. When the platinum and the zinc plates ore connected 
by a wire, the mremt is said to be doted, and the current then circulates , but lyhen the connec- 
tion between the plates is not complete, the circmt is then said to be Itrokm or interrupted 
GIBGULAB FOLABISATIOX. Imagine two rays of bght polarised in opposite planes, 
and superposed one upon the other If the undulation of one is a quarter of a wave length, in 
advance of that of the other, they will mterfere and produce a anadar vibrabon ‘ ray of 
hght produced in this way possesses very remarkable properties, and it is said to be circularly 
polanaed There are several methods of producing circularly polarised hght^ but the pnnciplo 
IS the same — viz , plane polarised light is doubly refracted in such a way that the two rectan- 
gularly polansed waves differ m them phase a quarter of an undulation Comparing the un- 
dulations of plane polansed light to a nat nbhon, those of circularly polansed hght, or rotatory 
polansed light, as it is sometimes called, may be compared to a corkscrew Plane polarised 
hght becomes circularly polansed by passing through a plate of quartz, and through many 
hquids and aqueous solutions, (See Polansed Light, Polansation, Plane of) 

If the two rays of bght do not differ in phase an exact quarter of an undulation, hut some 
fractional number, the vibratory movement will not be circular, but clhptical, and the ray of 
light IS then said to be eUtpticcdly poUmsed The form of the vibration may vary from .almost 
circular to almost plane 

CIRCULAR POLARISATION, INDTJCEXl BY MAGNETIC ACTION Faraday 
discovered that many bodies which in their ordinary state exerted no action on bght when 
examined in the polariscope, became capable of circuit polarisation when subm^ted to power- 
ful magnetic action He placed a piece of heavy glass (Goro-sihcate of lead) about two inches 
square and half an inch thick, having flat and polished edges, between the poles of an electro 
magnet, so that a pOlansed ray of light should pass through its length , when tbo clectno 
current was not passing, the glass acted as an indifferent substance, and if the analyser was 
turned to zero (givmg a black fleld), the mtroduction of the glass made no alteration In thin 
condition of things the force of the electro-magnet was developed, and m a second or two the 
ti 'd became luminous, and contmued so as long as the electnc current was passing On stopping 
It, and so causing the magnetic force to cease, the light instantly disappeared The chai actor 
of the action thus impressed on the heavy glass is that of rotation, for when the field has thus 
been rendered luminous, revolution of the eyepiece more or less to the right or left will cause 
Its extinction When the pole nearest to the observer was north, the deviation of the ray uaa 
right handed, and when the direction of tho electnc current was reversed so as to change tbo 
poles, tho deviation became left-handed. The same effect, but in a much feebler degree, is pro- 
duced when a hel>x of covered wire is used instead of an electro-magi^t, and it has been found 
tbat this property of rotating the polansed ray under magnetic action, is somewhat general. 
Bertin (Ann de Chimie, m xxiii 31), gives the following rotatory power for columns of equal 
length of vanouB bodies at ordinary temperatures, assuming that of heavy glass as equal 
to I — 

Heavy glass, . . . . I’oo Phosphorous chlonde^ . . 051 

Stannic chlonde, . . . . o 77 Water, .... O 25 

Carbonic di-sulphide, . . . o 74 Alcohol, c 

Common flint glass, . o 53 , Ether, 015 

_ CIRCULAR POLARISATION OF LIQUIDS When certain liquids, such as turpen- 
tine, or on aqueous solution of cane sugar, are placed in a tube closed at each end with a plate of 
glass, and exammed in the polanscope, they ore seen to possess the property of circularly polarising 
light, giving, on rotating the analyser, the senes of natural colours , and like quartz, the bquid 
may be nght-handed or left-handed By appropnate chemical treatment, liquids originally 
neutral may have this property conferred upon them , a liqmd possessing this property ongmally 
may have it removed , and adiquid rotating the plane of polarisation in one direction may be altered 
BO as to turn it the opposite direction As m a column of solution of definite length, the amount 
of rotation depends on the quantity of active substance dissolved in it, the polanscope may be- 
come an agent of quantitative chenucal analysis, (See Saceharometer, OpUcal, Polansed I^M ) 
CIRCUMPOLAil STAR (Ctmtwi, aroun^ and Pdus, the pole ) Stars which complete 
their circuit around the pole of l^e heavens withput settmg Such stars must be at a distance 
from the pole not exceedmg ^e latitude of the plane of observation, 

CIRRO-STRATUS See Cbmd. 

CIRRUS See Cl&ud 

CISTERN BAROMETER. See BaromOer. 

CITRIC ACID. aA colourless ciystallme wdd present in orange and lemon jnice, and in 
other fnuts. Its formula is CeHgO; + HjO. It forms large transparent colourless 
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prisms, which are very solable in water and alcohoL Its solution has a strong, pleasant, acid 
taste It unites with bases forming mlrata 

CLAMP, (Dutch, £lamp, from Klampen, to fasten, adjust ) A term apphed to pieces of 
mechanism for holdmg together parts which have frequently to W fastened and unf&stened 
when in use. The screws which usually form the important part of a damp are called adjusb 
ing>scre^ Clamps have a great variety of apphcations and fonns , a jomer, for instance, has 
a clamp, Attached to his bench to enable him to fix small portions of his work very firmly 
Clamps or adjustmg-screws afford ready means of bringing mto temporary connection portions 
of machmery or of scientific apparatus which are usuaUy chsconnected 

CLEAVAGE, ELECTRICITY OF Certain laminated minerals when cleft exhibit, on 
the faces of cleavage, electric excitement Thus, if insulating handles be attached to Uppoaite 
faces of a plate of mica, and if, by means of them, the plate be pulled so as to become cleft 
in two, it will he found that one of the fresh faces becomes positively, and the other negatively 
electrified In many cases also, if plates of such minerals, furnished with insulating handles, be 
pressed together firmly and then separated, one will be found excited positively and the other 
negatively This phenomenon is spoken of as the electric excitement produced by cleavage 
(See Ekctncity ) 


CLEPSYDRA, {K\e\p6dpa, from kX^vtu, to ^teal, talce secretly and artfully , and Hdup, 
water ) An ancient contrivance by which water was used to measure time. Its principle was 

essentially s imil a r to that which lies at the root of all our modem metho<^ of time-keeping, 

Viz , that of mechamcal action artificially brought into play In the clepsydra or water clock, 
which was invented by the Egyptians, water w.aB caused to flow continuously into a funnel, at 
the bottom of which was a small aperture The quantity of fiuid passing through this hole 
measured the lapse of time CtegcLuua, an Alcxandiitvn philosopher, is recorded to have 
unproved the clepsydra. It was constructed m many forms, and in common hfe employed 
more generally m wmter and at night when the sun dial was not available It was capable of 
being brought to a considerable degree of perfection , but very great care and ingenuity were 
constantly necessary to obviate the inequality of speed with which the fluid ran out, owing (i ) 
to the decrease m the hydrostatic pressure as the fluid diminished in quantity, and ( 2 ) the 
vonabihty m speed under different atraosphenc densities and temperatures Nevertheless it 
was Iw the clepsydra that the Egyptians laid down the course of the sun, that Tycho Bralio 
traced the motion of the stars, that all astronomers made and recorded their observations, 
boforo the discovery of the laochronism of bodies in oscillation, and especially of the pendulum, 
rendered possible the constmction of accurate time-pieces 
The clepsydra was firet mentioned by Empedocles, who hved in the fifth century before 
Chnst , Anstotle quotef Empedocles on the subject in his treatise De Respiratione Aristo- 
phanes, in his play of the Birds, mentions it as used to time lawyers’ speeches m law-courts 
More recently, the late Captain Kater devised an instrument on the same pnnciple as the 
depsydra, to obtain exact measure of fractions of a second Pure mercury, kept at a constant 
level in the funnel, is the fluid issuing from the aperture , and the stream is caused to flow mto 
a small receiver at the moment of commencement of an observation, and to bo turned away at 
the instant when the phenomenon observed ceases If then it be known how many grains of 
mercury issue from the aperture in one second, and the weight of mercury issumg from the 
fimnel dunng a given observation can be exactly ascertamed, we obtam a very accur^e measure 
of the duration of the observation (See Hvrdogy ) 

CLIMATE (k\liia, from kX(vu, to inchne ) lu its ancient usage this word signified the 
varying obliqmty of the celestial sphere with respect to the horizon m different latitudes At 
pment it IS used to signify the physical habitudes of any country or distnct with regard to 
those atmospheno conditions which affect the welfare of its inhabitantB Humboldt has said 
that “it mcludes all those modifications of the atmosphere by which phr organs are affected— 
such as temperature, humidity, variations of barometric pressure, the tranqmUity of the atmos- 
phere or its subjection to foreign winds, its pun^ or admixture with gaseous and 

i^ts ordinaiy tr^paiOToy— ^t clearness of sky so important through its influence, not only on 
the radiation of heat from the toiI, the develojpnent of orgamc tissue and the npenlnir of fruits, 
but also on the outflow of moral sentimenta m the different races ” " ° 

If the suHace of the earth were perfectiy uniform, or symmeTtrically distributed into districts 
of land and wato mranged in zones along Utitode paraUels, and if the strata of the soil were 
throughout of ^e de^ty, radiating powOT, aad elevation, the different chmates of the earth 
would be bounded by Utatud^par^els Under the actual circuinetaiiceB, however, this is far 
from hemg the case. Land and mter are distributed m a manner whiA hardly ilresents the 
semblance of law j elevations and depresaons not merely of areas of consMorable extent, but of 
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whole countrieB, are foimd in each hemisphere , and endless diversities of soil, contour, and 
distnbntion, disturb that mathematical uniformity and exactness which could alone produce the 
co-ordmation of climates under latitude-parallels Greographical position, therefore, though of 
extreme importance in influencmg the climate of a country, is not by any means the only 
r iTcumstance to be considered Its indnence, so fair as it extends, depends on the different 
elevation reached by the mid-day sun in different countries It is obvious that the higher the 
mid-day sun m the sky the greater will be the current of heat poured by him on any given 
horizontal area exposed to his rays In considering the effect of geographical .position, we must 
consider separately three distmct orders of climate — 

Fust, the Arctic Climate Withm the aictio regions the sun does not set throughout the 
twenty-fdbr hours at midsummer, and the nearer the place is to the pole the longer does the 
sun contmue above the horizon. At the pole itself he remains without setting for six months 
The arctfo winter corresponds exactly to the arctic summer The sun does not rise in winter 
for a period which (leaving atmospheric refraction out of account) is exactly equal m length to 
the period durmg which l^e sun does not set in summ^ 

Secondly, the Temperate Climate Outside the arctic zone, and to the limits of the torrid 
zone, we have these distinguishing characteristics — that, first, the sun never remains for twenty- 
four consecutive hours above or below the horizon , and, secondly, that he reaches his greatest 
elevation at mid-day in midsummer Thus throughout the temperate zone the greatest amount 
of direct solar heat is received by the earth at fbe tune of tho summer solstice (though the 
weather becomes warmer for some time following this epoch) and the least at the tune of the 
winter solstice (though the weather becomes colder for some time following this epoch ) 

Thirdly, tho Torrid Climate Within the tomd zone the distinguishing peculiarity is the 
occuirence of two seasons of greatest heat, the mid-day sun coming some time before summer to 
the zemth, and agam pasamg that point some tune after summer At the equator itself these 
seasons of greatest heat occur at the equmexes 

Among the causes which tend to disturb the effects which would otherwise follow from the 
geograpl^cal position of a country the following are the most important — 

1 The Effect of AUitvde As we ascend above the aca-Ievel there is found a progressive 
diminution of temperature This decrease baa three causes In the first place, the mere ranty 
of the air at high levels unfits it for the retention of the solar heat, and still more for tho reten- 
tion of heat radiated from the earth Secondly, as was first pointed out by Dr Eraamus 
Darwin, the expansion of the ou which rises from plains and valleys along mountam-slopes 
tends largely to increase the cold of the higher regions Su John Merschel thus succinctly 
desciibe’' the rationale of this explanation (independently put forward 'W Sir John Leslie) — 
“ Suppose the atmosphere of equal temperature throughout and at rest vTow let any mass of air 
at the surface receive an impulse upwaiiis by some external force (not by heating it) It will 
nsc and, in so domg, display quiescent air above it, which will descend to fill its place, and 
this process will continue tdl the upward impulse is extmguished by fnction and resistance In 
nsing, air expands , but as the descending air contracts, pan patau, the whole disturbed space, 
when quiet is restored, will be occupied by air as before, and the total pressure will be unaltered 
But as legards the distribution of aenxtMe heat, a great change will have taken place The air 
which has expanded in ascending has absorbed calonc and grown colder, while that which has 
contracted in descending has given out just as much, and become hotter The total heat and 
the total mass remam unchanged, but the equilibnom of temperature is destroyed The lower 
strata have become warmer than the upper , the density adjusts itself accordingly, and the 
undisturbed column eupenneumbent on teth is supported as before " The case here supposed 
IS one of frequent actual occurrence, smee aqueous vapour m ascending by its levity must drag 
the air along with it, so that, as Hcrschel adds, ** the mere fact of a circulation of air in the 
atmosphere, m so far as that circulation is due to the generation and condensation of vapour, or 
cven^to the downward mechitmcal impulse of the fall of ram or snow, must of necessity cause a 
uefiriency of sensible heat m the higher as compared with the lower regions ” Thirdly, in the 
circumstwce that elevate^ regions are farther removed from the heated mass of the earth and 

to the cold mtciplanetaiy spaces, we have,a cause of diminished temperature at high 

2 The proodmity of large masses of water has an important effect m modifymg the dimate of 
a country The temperature of water is more equable than that of the atmosphere, so that the 
vicmity of a large ocean surface tends to dinni'niah at once the heat of summer and the cold of 
^'inter The neighbourhood of ocean currents may have either coolmg or heatmg influences 
a^rdmg to the nature of the current Such influences will presently be considered. But 
^bere is one way in which the neighbourhood of large masses of water tends constantly to render 
.Ae climate of a country more genial. The air over countries boiderug on such ocean masses 



CLO 


110 


CLO 


receives more copious suppbes of aqucohs vapour, and owing to tte great specific heat of water, 
there thus results the accumulation of vast stores of heat to be set free when the aqueous vapour 
passes into the liquid form The action of aqueous vapour m checkmg the radiation of the 
earth’s heat into space is also of extreme uniwrtance In his “ Discourse on Kadiation through 
the Earth's Atmosphere,” Trofeasor Tyndall thus speaks of the action of aqueous vapour on the 
climate qf this country — ** Aqueous vapour is a blanket more ncccssaiy to the vegetable life of 
Englarid than clothing is to man Tlemove for a single summer night the aqueous vapour from 
the air which overspreads this country, and you would assuredly destroy every plant capable of 
bemg destroyed by a freezing tciiqjeraturc The wai-mth of our fields and gardens would pour 
itself unrequited into space, and the sun would rise upon an island held fast in the irqp. grip of 
frost The aqueous vapour constitutes a local dam, by which the temperature at the earth’s 
surface is deepened , the dam, however, finally overflowB, and we give to space all that we re- 
ceive from the sun ” • 

3 The neirjhhmrhood of ocean ewrents exercises a very powerful influence on tho climate of 
a country This is due in part to the mere transference of so much cold or warm water to tho 
neigLbourhoo<l of a country, but chiefly to another cause Where there is a cold current, the 
air above the curiont becoming cold is unfitted to retain any considerable amount of moisture, 
and thus when this an posses over an adjoimng country, it comes as an evaporating air current, 
and therefore bnngs cold On the othei hand, over a warm sea-current the air is warm and 
moisture laden Its warmth and lightness cause it to form a ready channel for winds, which 
sweep the warm and humid air over aljuiiiiiig countries, there to give up a large share of its 
moisture by dmdcnsation, and so to become the means of supplymg vast stores of heat (See 
Convection ) 

Humboldt enumerates, among tho caust s tending to exalt temperature, the following — The 
vicinity of a west coast in the northern temperate zone , the configuration of a country cut up 
by numerous deep bays and far penetrating arms of the sea , the relation of the dry land to 
seas free of ice extending beyond tho polar circle, or to a continent of considerable extent 
which lies beyond the same meridional lines under the equator, or at least in part withm the 
tropics , the rarity of swamps which continue covered with ice throughout the spnng, or even 
into summer , tho absence of forests on a dry sandy soil It may bo remaiked, with reference 
to one of tlicse conditions, that Humboldt was probably mistaken in supposing that the climate 
of Europe is warmer than that of Asia, Itecause Africa, with its extensive heat-radiating 
deserts, lies to the south of Europe on the s ime meridian, while the Indian ocean lies to the 
south of Asia If the hsat-iadiating power of a continent really influenced countries lying to 
the north, it should ^id to lower rather than to raise the temperature, for the ascending 
currents of air would Strengthen the cmrciits of colder air from the north, and these currents 
(on Humboldt's assumption that the country directly to the north is that atfected) would lower 
the mean annual temperature of the country they jiassed over It seemsi clear, however, that 
Asia 18 the country chiefly affected by the hcat-i adiating power of Africa, since t'le cold 
cun cuts from tho north travel westwards, while the warm return-current from the south has an 
eastcily motion Kacmtr remarks 3ustly that if the effects of oceans and continents were 
those assigned by Humboldt, we should find in the western parts of Amenca a colder climate 
than in the eastera parts, whereas the ivi erse is tho case Professor Nichol has expressed 
similar views, remarking that “ The air that rises in Africa blows rather over Asia than Europe 
Thu cradle of our winds is not m Sahara, but m America ” 

It is to be remarked that the mean .aiinuil teniperatuie of a country is less important to the 
welfare of the inhabitants than the <*stieuie range of temperature exhibited in the course of a 
year Of two countries, which have the same mean annual temperature, one may have a 
chmate most admirably adapted to the wclfaic of its inhabitants, while tho other may have a 
climate offering such violent exti ernes of heal and cold, as to rei^dSr it unfit for aU save those 
of strong constitution 

See further, TtoiJi , Isothermal, Isoduiinenal , Tiothcral , d-c 

CLOCKS, ELECTRIC Theio arc several kinds of electric clocksi, but there are two piinci 
pal classes, those in which electricity is the motive power, and those in which the motive power 
IS got from weights or sj nngs, and m which electricity is only used for controlling or govemiBg 
the motion 

Of the first kind there is a common one, in which the motion is obtamed by means of an 
electro magnet, which attracts a soft iron keeper as often as a current Is made to pass through 
it The keeper is connected by levers, with an extremely simple arrangement of toothed wheels 
which move tho hands In order to cause the current to pass at regular intervals mto the 
clectro-magnst, the bat*sry contact is made and broken by means of the oscillationB of the 
pendulum of a standard clock. At each swing the aremt passmg from the battery round the 
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electro-magnet is opened and closed, and the soft iron keeper is thus caused to boat seconds, 
or parts of a second, as the case may be It is evident that the same standard clock may 
thus be made to give tune to any number of secondary clocks 
Another clock of the same class is that of Bam, mvented in 1840 In it the boh of the 
pendulum is a soft iron core surrounded by a cod of wire, the extremities of which are jcamed 
up the rod of the pendulum The core is made m the form of a short hollc^ cylinder, with its 
aMS m the direction of the motion of the pendulum Permanent magnets are placed one on each 
side of it, and arranged so that the like poles are pomting towards each other and so that when the 
pendulum swings, the hollow core passes a short distance over the pole of each without touching 
At the top of the pendulum is a make and hcak arrangement, by which a current is sent into 
the electro-magnet, reversed at each extremity of the swing, and altogether thrown oif in 
the middle p:^ of it The direction of the current is such that the bob is repelled by the 
nearest peimanent magnet, and attracted by the other , it therefore swings over the current is 
then reversed, and tho boh is again repelled by the nearest and attracted by the farthest 
magnet This pendulum is applied to ordinary clock work Bam intended to work this clock 
by means of what is called an earth lattery^ which consists of a plate of zinc and a plate of 
copper sunk deep in the earth, and excited merely by the moisture there , but it was found that 
the current was so irregular as to r^der the cibek useless 
The pendulum, which we have just described, has, however, found an application in the 
second class of clocks A clock furnished with a pendulum of this kind is kept going as nearly 
right as possible by ordinary means, the motive power being obtained from weights or spnngs, 
and the final adjustment for accuracy is made by means of electricity To do this a standard 
clock in an astronomical observatory, at certain stated intervals, is caused, by touching a spnng, 
and completing a battery connection, to send a signal to the other clock Suppose such a signal 
scut every second half minute or minute Then if the clock to be regulated loses or gams a 
ininuto fraction of a second between each signal, the bob of its pendulum is not in its proper 
pniition when the signal is sent, and it receives from the battery an ^impulse which accelerates 
o. retards it, as the case may be Clocks of ordinary construction are thus made to go as truly 
as he astronomical clock from which they take their time This phn is much employed m giv- 
ing jiiibhc tune in Glasgow and Edinburgh, and with the most satisfactory effect 
CLOCKS AND WATCHES See llordtxjy 

CLOUD A mass of the visible vapour of water suspended in the atmosphere Clouds and 
fon^ ure identical m structure, but fogs rest on the earth while clouds are suspended m the atmos- 
jihcre v/ith a dear space separating them from tho earth A large^mount of light has been 
throvvi' on the nature of clouds, and the laws which regulate thi.ir\pnnation and motions, 
by the recent balloon ascents of Mr Glaisher It has been shown thSt the air, even at great 
ckv itums, 18 traversed by currents pursuing their course independently Masses of air of 
(liifoii lit temperatures ore thus brought mto colhsion and combine together , and smcc the com- 
bined air cannot retain tho same amount of aqueous vapour as tho several parts contained 
before eombination, the excess becomes condensed into the form of visible vapour or cloud 
Tile following passage, while indicating «ome of the lessons which we may hope to leaiu from 
balloo 1 ascents, shows also how complex is the whole subject It describes Mr Glaishcr’s 
ascent from Mill Hill, near Hendon, on August 21, 1862 — “ Twenty seven minutes after 
having the earth, a white mist enveloped the balloon , the temperatures of the air and dew- 
point were ahhe, indicating complete saturation The light rapidly increased, and gradually 
emerging from the dense cloud into a basin surrounded by immense black mountains of cloud 
rising far above us, shortly afterwards there were deep ravines of grand proportion beneath 
open to tho view The sky immediately overhead was dotted with cirrus clouds As the 
balloon ascended, the tops of the mountain like clouds were tinged with gold and silver On 
rcacUing tLi'ir level the sun appeared, floodmg with light all that could he seen both right and 
hft, tinting with orange al> the remaining space It was a glorious sight The ascent still 
continued, but more quickly as the sun’s rays fell upon the balloon, each instant opening to 
view deep ravines and a wonderful sea of elouds Here arose shining masses of cloud m moun- 
tain ranges, some rismg p'erpcndicularly from the plams with summits of dazzling brightness, 
some pyramidal, others nndulatory Nor was the scene wanting in bght and shade , each large 
®ass of cloud cast a shadow, thereby increasing the number of tmts and beauty of tho scene ” 

It IS Well to remember, in considering the subject of clouds, that there is this wonderful 
wealth of sceneiy m cloud-land, since we are too apt to judge from the view we obtam from our 
wtant and ill placed station on the earth, and so to form altogether madequate conceptions of 
configuration of the great cloud masses 

, ^nis remembered tfb may proceed to consider the classification of douds occcording to the 
oiffeient modificatioiiB commonly observable. 



CLO 


112 


CLO 


The clasBification now generally recognised is that which Luke Howard proposed in i8o] 
He divided clouds into seren orders , three of these were simple, viz —The Cimit, the Cumvlus, 
and the Stratmi and four compound or intermediates, viz — The Cirro (Jumvliu, Cirro-Stratus^ 
the Oumido-Stratus, and the Cumulo-Oirro-Stratus or Nimbus. 

Cirrm Cloud . — Ihis cloud consists of wavy thm filaments, parallel or diver^g Hris lighter 
than wy other form of cloud, and appears at a greater elevation It is probable that the 
particles of this cloud are icc-ciystala Sometimes the Cirrus cloud presents the appearance of a 
delicate net-work,, at others it resembles woolly hair, horse tails, &c It commonly appears 
either motionless or to move very slowly , but in reality this appearance is due only to the 
great distance at which this form of cloud usually lies In balloon ascents, even those in w}"''!! 
the greatest altitudes have been reached, cirrus douds have been seen at on enormous height 
above the observer 

Cumulus Cloud — This name is given to clouds of a hemispherical form, with horizontal base, 
which commonly appear in early morning, and chiefly in summer, so that they have been called 
summer clotuls and day douds They are formed much nearer to the earth than the Circus 
clouds Tyndall thus describes the mode of their formation — “ The warmed air, charged with 
vapour, rises in columns, so as to penetrate the vapour screen which hugs the earth , in the 
presence of space, the head of each pillar wastes its heat by radiation, condenses to a cumulus, 
which constitutes the visible capital of an invisible column of suspended air ” Saussure ascribes 
their shape to the way in which they are formed, comparing the progress of the column of invis- 
ible vapour through the surrounding air to the motion of one fluid through another But it 
Beemo more cotisistent with the observed appearance and changes of appearance of the cumulus 
clouds, to suppose that their bulbous form above is due to the expansion of the air where the 
invisible '>apour has condensed That condensation must be accompanied witb the discharge of 
large quantities of heat , and the movements of the cumulus corresponds exactly with the effects 
we should asenbe to the sudden dilation of the air resulting from this access of heat 

Stratus — This name is given to a widely extended sheet of cloud forming a continuous layer 
It lies at a lower level than the cumulus, its lower surface often resting on the earth It has 
been called the Cloud of NtylU, because it generally forms about sunset, and commonly grows 
denser during the night It is due to the mass of vapour which Las been raised by the sun’s 
heat during tho day This vapour sinks slowly down towards evening, and as at this part of 
the day the air is colder near the earth, the descending vapour, at hrst invisible, slowly con- 
denses near tbo earth As the process continues, condensation takes place at higher and higher 
levels Sometimes the iy;per level of the stratus is so well defined, that the gradual increase of 
the cloud products an ^pcarance resembling the effects of an inundation The brcakmg up of 
the Stratus cloud in tl^ morning is a process of a different character The Stratus docs not 
slowly sink os it had nsen , but as the sun shines upon its upper surface, ascending streams of 
aqueous vapour begin to be produced, which quickly lead to the formation of rounded masses of 
cumulus, and the etratus is finally bioken up altogether into cumulus clouds 

Cti ri> Cumulus — A cloud resulting from the breaking up of the Cirrus cloud into round 
masses, the whole slowly sinkiniT, though not to the ordinary level of the Cumulus cloud 

Cm o-Slrat us — A cloud consistirg of horizontal or slightly inchncd flakes, thinned off at the 
edges The forms are very variable, but the cloud may always be known by this peculiarity of 
etructnre 

Ciimulo Stratus — A cloud fonned by the Cirro Stratus mixing with the Cumulus, “either 
among its piled up heaps or spreading underneath its base as a bonzonal layer of vapour ” 
Buchan in his exceUent “ Handy-Bouk of Meteoiology,” adds that the distinct Cumnlo-Stratus 
“ 13 formed when the Cumulus becomes surrounded with small fleecy clouds just before ram 
begins to fall, and also on the approach of thunder storms " Tennyson has finely described this 
form of cloud 

“ That rises upward always higher 

And onward drags a labourmg breast, 

And topples round the dreary west 
A looming bastion fnnged with fire ” 

Cumulo-Cirro-Stratus, o* Nimbus — The well-known lam clopd Its formation is the result of 
the super-saturation of the space between Cim> Stratus clouds and a lower la} er of Cumulus 
clouds The two layers thus rapidly increase, and eventually unite From the mass thus 
formed, ram soon begins to fall 

The observation of clouds now forms a regular part of the work of a meteorological observsr 
toty , and, therefore, the nomenclature above cxplamed subserves a useful purpose m cnabhng 
observers to record the vjinmg aspect of the faeav^ns It requires extd^oii, however, so as to 
mcludo other forms of doud which are not directly referable to any of the above fonns. 
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COATING OP A liPlTDPN JAH OR CONDRNSRR The tinfoil covcriiis^R pasted 
upon the inside and outside of a Leyden jar, or on the two sides of a condenser such os the 
Fulminating Fane, are colled the coatings (Seo Leyden Jar ) Sven when instead of tinfoil, 
as IS thh case in some electrometers and pieces of apparatus for particular expenmcnts, a 
liquid conductor is used within or without the jar instead of the tinfoil, still tho siirfaLe of 
the liquid next to the glass, or other non conductor, is called the coating, smee it performs the 
same ofhee as the metal 

COBALT A metallic element first isolated by Brandt in 1733, although compounds of it 
were known to the ancients Symbol Co Atomic weight 58 5 It is a hard, steel gray 
- which takes a good pohsh, fuses at about the same temperature as iron, is magnetic, 
althdugh'not so powerfully so os iron, and oxidises at a red heat Mmeral acids clissolve 
it, forming salts The following are the pnnaital compounds of cobalt — 

FrotoT^ide of Cobalt (CoO ) In the anhydrous state this is a light greenish gray powder, 
and when hydrated a dirty rose-coloured powder It dissolves m acids to form salts 

Chloride of Cobalt (CoClg) forms 111 the hydrated state pink crystals, which become blue when 
anhydrous It is soluble in water < 

Cobalt IS frequently associated with nickel in its ores, and its separation from this metal is 
a matter of some difhculty, and can only be effected in the wet way, i c , by solution and pre- 
cipitation, &e Cobalt forms rich blue compounds when its oxide, &c , arc melted with borax, 
glass, enamel, porcelain glaze, &c , and on this account it is largely used m the aits 
COEFFICIENT OF DISPERSION See Ihspasion, Coefficient of 
COEFFICIKNT OF EXPANSION Seo Lxpansion. 

COEFFICIENT OF FRICTION See Pricfioa. 

CfELESTTN See Sulphates, Strontium 

COLKCITIVE FORCE A name used to designate that which makes the difference 
bctwLcn hard steel and soft iron in taking on and inretammg magnetic polarisation Thus 
it IS found that, under the influence of a magnet, a soft iron mass readily becomes inductively 
r'agneti^Ld, uid retains this magnetisation as long as the influencing body is present But .is 
'• ii .18 it IS removed, the magnetisation of the soft iron ceases Hard steel, on the other hand, 
IS with diihwulty magnetised inductively but when once it has been forced into the pokorised 
fit.ite, as by prolonged contact with a powerful magnet, by rubbing with a magnet or by any other 
iuc.in' , it obstinately retains this state, and with a persistence depending upon its hardness and 
its U'ofocula' condition m general Again, if soft non, while under the influence of a powerful 
be hammered, twisted, or otherwise stramed, it is found to retain magnetism also to on 
1 .1 uiit depending on the amount of straining and permanent contort'^ of molecular arrange- 
luc lit which it has undergone The hammering has thus, by altenn^^ho molecular arrangc- 
inert, conferred upon the bar a force which acts so as to m tint.un the magnetic polarised state 
in 't ft IS tt this that the name coeroilnc/ji re IB given (See also iWViyntt ) 

OOHliiSION {Goluereo, pret cohccsi, to stick together ) The force by which the particles 
of bodies unite and remain m contact so as to form one mass It is one of tho moloeular forces 
aetini; at inappreciablo distances, aud is thus distinguished from gravitation It unites the 
pirti'lcB of the same kmd of matter, aud is thus distinguished from adhesion, or tho force 
which unites the particles of different substances, and from chemical atti action, 01 the- force Which 
unites tho particles of different substances, so as to form substances having piopeities differing 
from those of their components The force of cohesion m bodies is mc.isured by the force 
necessary to pull them asunder, or separate them by crushing Cohesion is most powerful 
amongst the molecules of sohds, almost absent amongst those of liquids, and cntiicly abseuit m 
gases Hardness, softness, tenacity, elasticity, malleability, and ductility arc niodihcationa of 
cohesion (See these terms ) Cohesion in almost all cases is overcome by hmt 
Cohesion of liquids Though the cohesion between the neighbouring parts of a 
hquul IS not sufficient to manntam the shape of the liquid when acted on by any i onsidei able 
inechanical force, and though even the force of icsistanco, exercised by the bottom and walls of 
a vcsstl into which a hquid is poured, which force is called into existence, causes the liquid to 
MHunie the shape of the vessel m which it is placed, and present a horizontal surface , yet 
hipiids have appreciable and measureabic cohesion This is shown by the splicru al form 
ansumed by masses of liquids removed as far as possible from the infliicnco of ixtcrnal forces 
Of all soLds a sphere satisfies most perfectly the condition that the cffint of each particle 
towards the centre of gravity is most gratified When a sphere is altered in shajx, there must 
he on the whole a mean separation of particles (not contiguous ones ) Accordingly tho cohesion 
determines tho spherical form Although it is impossible to withdraw a liquid mass from all 
external forces, notably from gravitation, yet the action of gravity may bo completely and 
symmetrically counteracted by immersmg a liquid mass m ajiother Lqmd, having precisely the 
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same specific gravity as the first, but .being immiscible with it Thus, if ohve oil be pour<.<l 
into a mixture of alcohol ami water of a ceitain strength, and therefore specific gravity — 
namely, that of the oil (about o 915), the oil will be pressed on all sides by equal forces, those 
may therefore bo considered as having no influence in determining the shape of the oil Thr 
latter assumes the shape of a perfect sphere m consequence of its cohesion In truth, assisted 
by thn cohesion of the water which, in gratifying its cohesion to the utmost, will leave a 
Biiherif;al cavity "Forms approaching the spherical are also assumed by small hquul mas'ies 
when they rest on surfaces between which and themselves there is Jess adhes^n than the 
cohesion they thebisclves posBe<'M This is seen when a dewdro2i rests upon a resinous loaf, 01 
IS supported above the leaf by fine hairs, when a water drop rests upon a plate of wax or fjvt. * 
on a surface covcicJ with resinous dust, or a droji of mercury on any uon metallic surdice A 
drop of water may lest upon a surface of water without immediately mixing therewith, being 
separated thcif fioin by a film of air, or it may rest above a surface of metal if the; latter is 
Bufhciontly hot foi its lafliint heat to cause sufficient evaiioration from the drop to interpose a 
coating of \ ipour between the two (Sec Leulenfrost' t Erpertment ) In all such cases the 
drop oasumes more or less of a spherical form JJirect cxjicriments for determining the cohesion 
of liquids were msde by (ray-Lnssac His method w is based upon the fact that when a solid, 
which IS wetted by a bqmd, is withdrawn fiom it, the lattei must be niiitured, so that the force* 
rei[uircd to clfect the separation is a measure of the cohesion of the liquid, and not of the 
adliCBLon between the solid and liquid, provided that such adhesion is greater than the liquid’s 
cohesion, which is the case when the aolid is wetted A fl.it circular disk was hung hnn/outally 
from one pan^if a balance, and exactly counterpoised The surfaces of liquids in basins were 
brought into coiit let with this disk, and weights were put ujion the oiqjositc pan until the 
jilate was torn aw ly from the liquid If the force required m the case of water be called 1 o, 
it was found to be o 574 for tuqicntmc, and in that of absolute alcohol o 523, and on examimng 
mixtures of alcohol and w'atcr it was found that the cohesion increased with the quantity of 
watei A more ex.vct method of ineasuiing the cohesion of liquids is based upon the deteimuia- 
tion of the size of drops which they form under like conditions (See Diopi ) 

OOllHSlON FIG UilUid OF LHJUIPS A pecuhar phenomenon resulting from the joint 
action of adhesion and colicsion in certain liquids when one is added to the other Altlioiigh 
many iKpuds mix com]iletcly with one mother m aimost any proportions, or dissolve each other 
freely, yet thoie aie otliers whub may foim saturated solutions, so that any increase m quan- 
tity of tbo « itiii itmg hiiuid is not incorjiorated with the rest Its particles cohere and arrange 
themselves, with n ^pcet to the solution, according to their specific gravity Thus the most 
linqiid ethers and oils vjfii only dissolve to a small extent m water, the greater part of them 
collecting together agi^ after being shaken xvith water , while more viscous liipiids, as com- 
mon oils, do not ajqxar to dissolve In water at all If a droji of clilorofoim bo let fall 111 water, 
It retains its eircul.w foim , a slight amount of alkaline liquid added to the water causes the 
drops to become flattened, but the louiided form is once mure assumed when the alkali is 
iieutialised by a little acid 

Miiiy of the substances thus slightly soluble m water form cb iracteristic figiires when drops 
of them are lightly added to pure water in a perfectly clean vessel The tendency to adhesion 
between the liquids causes the drop to assume at first a flattened form, but the cohesion of 
the particles breahs up the film in various diieetions, so as to constitute characteristic pa.^i’l'' 
oil the suifaec of tlie water The constant alternation of prcduininancc lietweeii adhesion and 
cohesion proceeds, the smaller portions being flattened by adhesion, and then fui ther subdivided 
by cohesion, until finallj a definite outliuc is produced The figure, however, passes away in a 
space of time proportional to its insolubility in water The creosote figure remains for fivi 
minutes, while those of liquids which are much more soluble, such as alcohol or other, last less 
til lu a second (Jrcosoto forms a disk which sails about on the BurfaQo'with a rapidly quivcnng 
edge hither forms a circular figure, composed of a cential boss, surrounded first by a Itit 
dc] Messed nng, and then by a raised ring, the edge of which is waved The essential oil of 
lavender forms a film with mdeseent rings covering a large jiart of the surface , the film then 
breaks up mto small disks, first passing through a complicated pattern like that of Carragein 
nines Mr Tomlinson 1 reduces these figuies in shallow glass vessels 3^ inches in diametei, 
made themically clean by means of sulphuiic acid, alcohol, alkahne solutions, and abundant 
rnismg The figures vary with the natuie of the liquid surface on which the drops are spread, 
08 when, instead of water, the surfaces of cocoa nut oil, castor oil, melted paraffin, wax, &c , are 
used (See Ehil ilatf , November 1864.) When the drops, instead of spreading on the surface, 
smk below it, a new set of figures is formed, for which see Submerswn Pujurea These figures 
are not only serviceable fop the recognition of the substances themselves, *but also for the detec- 
tion of adnltepationa of tuem by other oily or shghtly soluble liquids For when a mixed hquid 
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IS dropped upon water in tlie manner above described, iti cohesion figuro partakes id the char- 
acters of each constituent when used separately such is the case, for instance, with a mixtuie 
of turpentine and an essential oil Mr Tomlinson’s extended researches on this subject wdl be 
found in the Philosophical Magazine, Oct i86i, and March 1862 

COIL, PillMAKlf a\.ND SECONDARY Terms used respecting apparatus employed for 
current induction The wire which transmits the current from the battery— tjiat is, the inducing 

^yiie IS called the •primary cod The secondary cod is the circuit which the induced current 

traverses The primary coil is made of pretty thick wire, and not aery long, 111 oidci that the 
current from the battery may not be too much weakened by resistance The secondary coil, 
*..^*■^',6 contrary, is made of the finest possible wire, and of great length, m order that a very 
large nuiilber of turns of it may be bi ought under the influence of the primary coil The 
advantage gamed by increasing the number of turns, and getting them near to the coil in 
which the current as passing, far more than counterbalances the disadvantages aiising from 
mcreasing tlM resistance It is necessary that the sever il turns of the secondary coil hliould be 
very carefully insulated from each other, for the mduced elcctriuty will otherwise leap acioss, 
instead of passing round each turn of the wire Eor this reason the wire, as it is coiled on, is 
covered with the layers of shell-lac or gutta percha 

COlNINfr-PRESS An instrument for stanipiiig coins It usually consists of a steel die 
bciniig the imjircssion to be stamped, fixed into a vertical screw, and of two heavy baUa of 
metal at the extremities of a lever, with equal anns it light angles to the screw The balls are 
turned round very rajndly several times, and then left free Tlie die is thus driven down upon 
the com, and the accumulated momeutum of the large movmg mass is expended su impressing 
the requiied figuie 

COLD (Anglo-Saxon, ccald, from cohan, to cool ) It was formerly bebeved that cold was 
lu entity, and that it could be reflected from polished surface hke heat aud light I'his, how- 
ever, lu 1 ot the case Cold is simply an absence of heat It is essentially a i dative teiin Ice 
11' by be Li'usidcrcd a bot substance when compared with frozen mercury, and a very hut sub- 
‘■liiicc when cumpaicd with solid carbonic acid If wc take three vessels and pour hot water 
iiiL tliehist cold water into the second, and water of intermediate temperature into the third, and 
])laco one hand in the liot water, and the other in the cold, we shall find, on now placing both 
il bulls in the water of intermediate temperature, it will feel hot to the hand which has been m 
tlm CO d water, and cold to the hand which has been in the hot water Thus, water at one 
tiiupci tare iiiay appear both hot and cold Absolute cold would bo the absolute zcio of tern- 
l>ciit(Uj, at which point matter would possess no heat at aU. A substance is relatively cold 
wlir:u It possesses less of the motion called heat than the substance it is^ompareil with A hot 
subytaucc, a rt.d-hoc suspended bull of metal, fur instance, gets colder^nd colder, because it 
r ub btcs its he it into space, it loses molecular motion, and the more motion it loses the colder it 
is s lid to be \Yhen it cools down to a temperature below that of our bodies, we call it cold to 
the touch, because it possesses less of the motion of heat than our nerves, anil abstracts heat 
fruni them, and this withdrawal of motion from the nerves produces the sensation of cold 

(JOLIilMATION, LINE OF A term used in reference to telescopes, to designate the line 
passing through the axis of the object-glass, and the mtersection of the cross-wires in the focus 
of the eye-pieco 

^''OTjlilMATOE (CoUimo, to aim ) An instrument chiefly used m connection with transit 
oil'll IV ations for securing the axis of the telescope pointing in the right hoii/ontal direction It 
ginei-illy coiiBisto of a small subsidiary telescope with cross wires m the focus of its eye-piece, 
luid at some distance from the principal telescope, and pointing towards it When the transit 
telescope IS diiectcd horizontally it looks into the object glass of the collimating telescope, and 
rendeis vi-ible the moss wires in the focus of the latter If the image of these wires coincides 
vv ith the in age of the cross wires of the large telescope, it shows that the line of collimation is 
Iruc A collimator is usually fixed opposite each end of a transit instrument A collimator is also 
hequently used m optical mstmments , in the spectroscope, for instance, it consists of a convex 
bus, having the slit 111 its principal focus (See Spectroscope ) 

COLLODION PROCESS A process in photography by which negativ e representations of 
natural objects are taken by means of a camera obscuia on a plate of glass The ppmcijile of 
tne process is as follows — The soluble form of gun cotton is dissolved m a mixtiue of alcohol 
*'■11(1 ether and a metallic iodide (or in some cases a bromide) added Wlieii tins mixture la 
poured upon a plate of glass, and the excess drained off, the ether and much uf the alcohol 
evaporate, and leave a thin collodicm film, like a skm on the glass Before this has got quite 
ry It la dipped into a bath of nitrate of silver, which, reacting on the iodide present, precipi- 
ces iodide ctf silver m*an extremely fine state of division m the pores of the film The plate 

now exposed in a moist condition to the image m the camera, and the latent image is after* 
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wards developed by pouring over it a reducing agent, such as sulphate of iron or pyrogallio 
acid This causes the invisible image to make its appearance, those parts of the iodide of silver 
iilin, upon whioh the light has shone, attract to themselves molecnles of metallic silver, ready 
to precipitate from the supernatant liquid, and, in the course of a few minutes, the picture has 
fully appeared, with the light and shade reversed, but perfect in gradation of tint The un- 
alFectecl iodide of sijver is lastly dissolved off liy means of hjrposulphite of sodium, or cyanide of 
potassium, and the picture is washed, dried, and varnished hrom a negative of this kmd 
hundreds of posil^vcs may he printed, having the light and shade as m nature* (See Photo 
graphy 1 

COLLOID {ColJcgeJatine) See J)ialyg 2 S , ^ 

COLOUIi BLINDN’ESS An mfii-mity of the human eye, by which it is unaWoTo dis 
tmguish certain colours It is frequently known as Daltonism, from the chemist Dalton, who 
laboured under this disease The i je, in most instances, is sensitive to even faint light, and 
distinguishes perfectly the form of bodies , but different colours, such as red and green, cannot 
be distinguished from one another , thus ripe chemes cannot sometimes be distinguished la, 
colour from the leaves by which they are surrounded In this case, looking through a red 
glass would sliow the difference Daltonism is not an uncommon infirmity, and it should 
always be sjiecially looked for when men are eng^^ed m work which depends on appreciation of 
colour H iilway accidents, for mstance, may occasionally have happened ownng to the driver 
being unable to distinguish a red from a green signal 

CllLOUIlED ELAMES When curtain metallic compounds are mtroduced into a non- 
luminous flams, such as the flame of a spirit lamp, or a Bunsen gas flame, characteristic 
colours are produced The following is a list of the principal coloured flames, with the sub- 
stances produemg them — 

Blue Eeames 


Intense blue, . . 

Pale clear blue, « « 

Light blue, « . 

Blue, . . 

(Ireenish blue, 

Blue mixed with green, . 

Intense emerald green, • 

Dark green, ^ . 

Pull green, ^ 

Emerald green miied with blue, 
P do green, 

Ajiple gietii, 

Intense whitish green . 

Bluish green, . 

Intense yellow, . , 

Intense crimson, . . 

Bed, 

Beddish purple, . , 

Violet, . . 


Gbeen Plameb 


Yellow FlzUue 


Bed Plomes 


Chloride of copper* 

Lead 

Arsenic 

Selemum 

Antimony 

Bromide of copper. 

Thalbum 
Boracic acid 
Tellurium or copper. 
Iodide of copjier 
Phosphoriu acid* 
Banum 
Zinc 

Bmoxide of tin. 

Sodium. 

Lithium 

Strontium 

Calcium 

Potassium 


These observations are best made in a dark room, and wnth a-small flame Very beau- 
tiful spectrum phenomena ore observable when some of these colodred flames are examined m 
the spectroscope {See Spectrum , Spectivseope ) 

COLOURED RINGS See Neu ton’s Itiiigs. 

COLOURED SHADOWS. When a coloured light (red for instance) and a white one throw 
tJ^ eh^OAV or the aamo object upon a white eurfaco, that throwii by the interception of the 
white liyht will look red, as the red is the oaly light shining on that part of the surface But 
the sh^ow thro-\vii by the red bght will look yreen This is caused by the retina being some- 
what deadened to red light, owing to the great surface illuminated by this colour, and there- 
fore causing the smaU portion, from which the red bght is intercepted, to appear green, the 
comp emeutoiy colour to red* A similar effect is seen at mght when a double shadow of a 
I'avement by the moon and a gas l-tiu p, ^ 

LOURED SlAiCd, SPECTRA OP The spectra of stars wluch present a decided 
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olour are generally seen to have eome portions thickly tovcred with black lines, whilst other 
jortions are comparatively free from black lines Thus, in fi Cygni, there are two stars tloso 
offother,one orange, the other blue The orange star gives a spectrum in winch the daik hues 
ire almost entirely confined to the blue and violet end, whilst the spectrum of the blue star is 
iiickly covered with dark lines in the red and orange portion (See Stars, Sj^ccha of ) 

COLOUll OF TONE The ear can distinguish a difference between twti notes which are 
if the same pitch and the same loudness, if they are produced by iiistrumcntB of different Tiind', 

IS a flute and a viohn The difference, which is familiar to all, can scarcely he described, nor 
ts rationale properly understood When a sti etched string is plucked, it is seen scaicelj ever 

0 ill O'' m^a plane, but its parts describe elliptic spirals, tho axes of which revohe oi oscillate 
The first impulse given to the air by such a strmg must also, therefore, bo spirally applied In 
ho case of the flute which sounds by reason of simple compiession and rarefaction of the air, 
10 such spiral impulse is given It can scarcely, however, be allowed that the complex motion 
,0.1 cn by the string should preserve its complexity in the travoUmg wave It is more probable 
hat the difference of colour is due to the existence of feebly sounding harmonics W lien a 
itnng is plucked or struck at its centre it will vibrato as a whole, giving the fundamental note , 
twill also, and at the same time, vibrato in, two segments, each giving rise to the higher 
ictave If the pomt plucked or struck be not the central one, an mdcdnite number of h iiinoiiic 
md other notes may be produced The “ nchuess ” of a note seems to depend upon the number 
if these secondary sounds upon their harmoniTing with and being in suboidination to the 
uiidamental note This relation obtains m the gong, and to a eertam extent in the c_\ mini 

note to which the cx2ircsaioii “twang” or “dang” is applied always mefudes sevtial 
leeondarv notes 

OOJjO'TRf?, ABSOLPTION OF No transparent substance allows all coloirs to pass 
dirough with equal facility, except, perhaps, when it is reduced to excessive tliiniu‘'S JMany 
substances, such aa coloured glasses, are almost opaque to some parts of the spectium, whilst 
tiiov allow other colours to jiasa through iea<hly Many metallic bolutions, when examined by 
lueir of tho aiiectroscope, are seen to absorb different colours m very dehnite paits of the 
qieel limn, forming absorption bands or lines, vaiymg m width and intensity accoiihng to tho 
itrength of the solution A great many orgamc eolonnng matters likewise possess this jiropcity 
Foi further particulars, see Pajiers by Professor Btokes (L'hem Soe Jour xvii , p 304), and by 
Dr .1 li tlladstiine (Chem Soc Jour x.p 79) Sec Afiisorpfion 0/ Liy/tf 

( I iTliS, COMPLEMENTARY Kee Complemcntat y Colow s 

(JOr/HlRS, COMPOSITION OF The pure colours of the soV spectrum are called 
wmii'io Colours , by causing two or more of these to mix together co^bonnd colours are i>rn- 
duc' d A compound colour is sometimes similar m tho effect it produces on the eye to a siinjile 
colour, but ^uore frequently it is different to any m the spectrum Of this class are lunk, 
brown, &c 

COLOURS, NEWTON’S SCALE OF See Newton’s Scale of Colows 

COLOURS 0 ]i' BODIES The colour of natural bodies is, in most cases, due to their 
ab«orbuig some colours and reflecting others They appe ir to be of the colour which they re- 
flect back to the eye Some colours, however, such as those on butterflies’ wmgs, the fe ithers 
of some bii'ds, the wing cases of insects, opals, mother-of jicarl, &c , 'vre due to the decomposi- 
tion of hght by reflection from grooied surfaces, or thin plates (which see) The colonis of 
bodies depend upon the kind of light by which they are illuminated thus by a yellow soda flame, 
all substanees appear either jellow or black Bodies also vary in colour according to tho 
mechanical state of division in which they occur This is clearly exemjililied in the beautiful 
phenomena of blue and ruby gold, investigated by Faraday (Sec Gold, Rilution of, to Light) 
Gold m thin plates reflects yellow and transimts green hght , but when sus]>ended, m a very 
fine state of diviBion, m walcp, it transmits blue, purjile, or ruby light, accordi»ig to the state of 
mvision in which it is precipitated These solutions all contain metallic gold in susjiens.on, as 

1 araday has most conclusively shown, and yet they transmit totally different rays Dr Roscoe 
has adduced several instances of similar change of colour, which he considers to be due to minute 
division (See Proceedings of the Royal Institution, June 1, 1866) Ho considcis that the 
varying .ire of the reflecting particles m the atmosphere (dust, aqueous vapour, germs, &c ), 
may aid in producing the widely differing sunset tmts, from deep ruby red to yellow, and even 

luc , for there are several well-authenticated casts m which the sun has been seen to be blue. 

m the year 1831, a blue sun was noticed over a great part of Europe, and also m America 
I ee Opalescence of the Atmosphere) The hght transmitted by finely divided snljihiir is red , 
®^lphnr can, however, bo formed Thus, if wo"add sesquichloride of iron to solution of 
? phuretted hydrogen, we get a transient but very splendid purple tint, and it is probable that 
“Us IS duo to the size of the particles of sulphur precipitated. If we heat sulphuretted hj’dro- 
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gen water up to 200® C , the gas decotaposes, with separation of sulphur, and the solution at 
tains a deep blue colour On cooling, the colour disappears, sulphur is deposited, and the hguid 
becomes milky Again, if we dissolve sulphur m anhydrous sulphuric acid, a magnifigent deep 
blue colour is obtained, although no chemical action that we know of occurs "When the ana- 
logues of sulphur, selenium, and tollunum, are acted upon by anhydrous sulphuric acid, they also 
yield mognificuptiy coloured liquids, selenium g«ing a deep olive green solution, and tellunnm 
a bnlliaDl: ruby red colour The ruh^ red gold liquid is as transparent, and app irently as truly 
a liquid as the red solution of telluiium, yet we know that finely suspended metalho gold n the 
cause of this red tint Dr Eoscoe, therefore, asks whether it is contrary to analogy to suppose 
that the colour of this red liquid is caused by the particles of finely divided tellurium* otJih.it cf 
these blue and green liquids by the particles of sulphur and silemum. (See Alsorption of 
laght) 

COLOUKS OF FILMS See Thin Plates, Colours of 

COLOITllS OF GEOOVED SUEFAOES See Gt oined Surfaces, Colours of 

COLOUliS OF METALS Sec Metals, Colours of 

COLOURS OF SALTS IN' SOLUTION Dr J H Gladstone has supplied us with 
nearly all the knowledge which we possess on. the rays of the spectrum which coloured salts 
absorb The general law appears to be this — ^A particular base or acid IiPjS the same effect on 
the riijs of light with whatever it may be combined in aqueous solution licneo it may be 
inferred that when two bodies combine, each of which has a different mfiuencc on the ra>s of 
light, a solution of the salt itself ivill tiansnnt only those rays which are not absorbed by 
either, or, m other words, those which are transmitted by both (Pliil Mag , Dec 1857 ) 
The method of examination recommended by Gladstone is briefly as follows — The solution to 
be examined is placed in a hollow wedge of glass, winch is interposed between the eye of the 
spectator and a narrow slit m the window shutter, in such a manner that the thin line of light 
13 seen traversing the different thicknesses of hquid This lino of bght is then analysed by 
placing a good prism between the hollow wedge and the ryo In this way it is seen at once what 
rays are absorbed by increasing tlucknesscs of solution The results given by Dr Gladstone show 
that each coloured constituent of a salt retains its specific absorbent power when in combination 
Three cases, however, which ho gives are anomalous , namely, the chromato of chromium, the 
double iodide of platinum and potassium, and the ferric ferrocyanide dissolved in oxalic acid 
This latter transmits blue rays in gieat abundance, which arc absorbed both by ordinary ferrocya- 
nides and by ferric salts 

The effect of hcat^i the colour of salts m solution has also been examined by Gladstone 
As a geneial rule solution of a salt has the same power of absorbing or transmitting the 
lays of light at all temperatures Nevertheless it is not rare to find coloured salts which when 
dissolved 111 water vary in shade or 111 tint according to the temperature In the following 
instances heating the solution seems merely to intensify tho colour 

Meconatc of iron — red 
Ter-bromido of gold — red 
Pernitrate of cerium — red 
llichromato of potash— orange 
Ferrocyanide of potassium — yellow 
Molybdous chloride — green 

In the following cases a change takes place in the character as well as in the intensity of the 
colour when tho solution is heated , it being understood that the change of colour lasts only as 
long os^he heat continues, no permanent chciiucal change being effected, and tho original colour 
of tho solution returns in every instance as it cools 

Eichloride of platinum, while it becomes more intense in colour, assumes also a redder tint 
Protooliloride of platinum dissolved in Lydrocblonc acid behaves iq the ag^TWA way Bichloride of 
palladium acts similarly b errocyanide of potassium gives a greenish solution, which when 
heated alters in colour, and if not too dilute assumes a distinctly red appearance Polysulphide 
of potassium passes from yellow to a most intense red Sesquichlondo of iron passes from 
yellow to a most intense red Chloride of nickel passes from a bluish to a yellowish gretn 
iouide of nickel when dis olved in a little water gives a clear green solution, which on the 
application of heat becomes of a nondescript shade that appears distmctly red by gaslight 
Choiide of copper gives a green saturated solution which on the addition of more water becomes 
b^ue If tbis blue solution be heated (unless too dilute) the green colour is restored Bromide 
of copper behaves like the chloride Sulphocyanidc of cobalt in a Tnimmiitn of water gives a 
magnificent bluish purple colour, but on dilution it changes to the ordipaiy pint- tint of cobalt 
salts in solution If this d e heated, provided it is not too dilute, it will reassume the purple 
hue Chlond© of cobalt dissolves in water always of a pink, and m absolute alcohol always of 
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a blue coloat*, while in mixtures of alcohol and water it. will assume an intermediate tint By 
arranging properly the proportions of the two solvents a liquid may be obtained which will show 
all the changes of an aqueous solution of the sulphocyanide passing from pink through purple tr 
blue when it is heated, and conversely from blue to ximk when it is cooled (See Abiunrittum of 
light ) 

COLOUES OF THICK PLATES See Thick Plates, Colours of ; 

COLOUKS of thin PLATES See Thin Plates, Colours of 

COLOLilS PEODUCED BY POLAEISATION When a thin film gf a doubly refract- 
ing crystal is viewed in the polanscope, very bnlhant colours are produced, depending upon 
the thickness of the him, and the angles which the pulariscr, analyser, and crystalline film ftuni 
with each other Tho cause of the production of colour is briefly as follows The light passing 
through the polanser, is doubly refracted by tho crystalline plate, but, as this is excessively 
thin, tlsJ ordinary and the extraordinary ray, which iiass tlirough with different velocities, 
emerge superposed, and the vibrations consequently inteifere with one another, producing colour 
As, however, the colour produced by one S( t of waves is complementary to that produced by the 
other set of waves, nothing but white light is seen The aiialy ser here comes into {day , this 
resolves the two seta of rays each into two other systems, two vihiatmg m one plane, and the 
iithei two in another plane The vibrations In each plane interfere and produce coloui, aiifl 
these being in opposite states of vibration, the analysci is able to suppre'-s one anil ti in&mit tho 
fitlicr, and thus render the colour visible The mtcifcnng vibiatioiis in one plane strengthen 
each other, whilst thosi of the opposite plane oiqiose cacli other, and the result i . that the colour 
jiroducod'by interference, in one case, is complemcntaiy to that jiroduced in the sitlier case By 
lotating the analyser, these two colours are alternately transmitted, passing through an intci- 
niediate neutral point of white light The best crystal for showing eolouis is selenite, as it 
splits airy easily into iiTms of the requisite thickness If, instead of selenite, a sbee of a um- 
a\i.il distal, such as calespar, is examined m the polanseope, tho amount of double refraction 
laiica accouhng to the angle which the light forms with the optic axis, and the vaijingintirfer- 
eiiee thereby produced causes tho production of coloured rings around a black eioss If the 
eiy j d has two axes, the figure is somewhat elliptical around a black cross, which on retatiun 
ehuigcs into two black hypeibolic curves (See Polarised Light , Polai inope ) 

< 'OLITMBA (Abbreviated from Columba Noaclu, Noah’s Dove ) A small southern 
coiistell ition formed by Eoyer It comprises a somewhat nch group of small stirs 

C 0 LI''MB 1 UM An excessively rare uietallu element, ibstovertil by Hatchett in iSoi, m 
a miner il called eolumbitc Subsequently Wollaston piououiiecd Columbium to betbe8.aiiie as 
Eke'ji rg s tantalum In 1846 H Kose was led to conclude that colui»ite contained two metals 
closely icsembling tantalum but not identical with it, to these he gave%lie names polopiiini and 
niobium Uc lias since found tbit mobium and pelopium arc the siiue metal, and 
he th( relore ibsi arded the name pelopium and retained niobium But this mobium is the same 
as Hatchett’s columbium, and, therefore, it is only right that it should bo recognised by the 
nime given to it by the original discoveier Tins alteiatioii of name is now gradually coming 
into use, and chemists will, it is hoped, recognise columbium and tantalum as the two metals 
which have been vaguely known under the names tantalum, niobium, pelopium, aud colum- 
bium 


COLUMN, ELECTEIC Another name for Volta’s Pile (which see) It is called an elec- 
tric column fioni its fonu , consisting, as it does, of a pillar composed of a very large numbci of 
copper, /me, .ind moistened flannel discs piletl one alxive the other alternately' 

COLUEE (KhXovpos, curtailed, imperfect) In astionomy, a coliirt is a gieat circle of the 
splieic passing through the poles of the heavens, and the equinoctial points and solstitial points 
on the ecliptic The circle through the equinoctial points is called the rjiiirinific/Z coliac, tint 
through the solstitial pnmts, the solstitial culme A port of these ciicles is at all times beneath 
the hori/oii , hence (it is Supposed), their being named colures 
CDMA (Abbreviated from Coma Berenices, Berenice’s Hair ) One of Ptolemy’s northern 
constellations Doubtless this star-group originally belonged to the coiistillition Leo It 
Consists of a somewhat widely dispersed cluster of small stars Sir William lltiiclicl considered 
this gioup as the nearest of the, system of nebuloi wluch occupies the region covered by tho con- 
stellation, a theory which is not clearly intelligible when we remember th it some of the stars 
tomimg the constellation are of the fourth magnitude, and would therefoio seem to belong 
oeyond qi.estion to the sidereal system, not to be the components of an external galaxy 
COMBINATION, CHEMICAL Affinity . Atomic Them ij 
5 ^^J®INATI 0 N, HEAT OF See Heat of Conihination 

j^^^®USTION \Comburo, Comhustus, to consume) When substancps combine chemically, 

®nu the combination la attended bv the evolution of hght and heat, the pheuomenon is called 
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combustion All ordmary combustion js tlie union of an lufiammable body witb oxygen ga«, 
the most familiar example of which la found in the bnrnmg of coal in a nreplaeo As other 
forms of combustion, we have metals burning m chlorine, or the vapour of bromine Substances, 
like oxygen, which combine with inflammable bodies attended by the phenomenon of combustion, 
are called suppoi jers of conibiistion , while the substances burnt, such as coal, are called 
hies The teriii slmn combusiioti, which is sometiiiies used in such cases as the gradual oxula- 
tion of mhist phosphorus, is very ma|ipropriato, and should always be replaced by 'flow oxidatimi^ 
or slow chemicul union , liecausc combustion is a more or less violent action, accompanied by the 
production of intense light and heat When carbon is burnt m oxygen gas, we have an examiJo 
of combustion , but when the electnc arc passes between two carbon points placed in a vacuuni, 
we have an example of i^riit/on According to a theory, which has received considerable sup 
port, the heat produced durmg chemical combmation is caused by the direct conversion of 
motion into he it (See /feat , Mechami al liqui lakiU of Heat ) Thus, the combustion o£ carbon 
m oxygen, is said to be due to the clashing of carbon and oxygen atoms, which nish together 
under the influence of the force of chemical atiiiuty with an enormous velocity, and when they 
come into coll’sion their motion of translation is tiansmutcd into that kind of vibratory motion 
which we call heat 

COMES (A Companion ) A name sometimes given by astronomers to the smaller star t f 
a very unequal p ur 

COMET (xo/A^njs, long haired ) Tho name given by astronomers to a class of ctleslial 
objects presenting a nebulous aspect, but travel suig the interstellar spaces, and becoming known 
to 11H by passing within the hmits of the sun’s attraction Many of them belong to the solar 
system, tiavclling m closed paths around the sun 

Although the idea th vt comets may tiavel m periodic orbits around the sun had suggested 
itself to the ancients, and was even said to h ive been duhnitely taught by tho ancient Ch ilrbcan 
abtronoracra, wo owe to Newton the first enunciation of tins theory He founded it upon the 
calculations he had applied to tho motions of the great comet of 1680 The theory can hardly 
lie said to have been proved, however, until tho time of Halley’s researches into tlie motions and 
periodic returns of the comet which bt its his name, or perhaps even until the date of the fiist 
ictum of this comet in accordance with llallcy’a piedictions 

A comet usually presents the appearance of a roma, 01 ha^se of light surrounding a somewhat 
bright nucleus As the comet appioaclics the sun the haze of light generally giows elongated, 
and when the comet is a large one, traces begin to be seen which indic ite the approaching 
foiinatioii of a tad A certain appear nice of stre.ikinc!>s in the comet’s light usually precedes 
the formitioii of the taiV^ The direction of the tail is nearly always from the sun It glows 
longer and bi ightcr as comet approaches {lenhulion After perihelion passage many comets 
are greatly changed in appearance Some are blighter and more stiikn g than they were licforo 
penhcliun passage , while otheis are shorn of a lai^e proportion of their splendour The latter 
was the case with the comet of 1835-36, as we leini from Sir J, Herschel who observed it m 
the southern heavens after it had passed away from our skies On the contrary, the comet of 
iSll appc*arc<l in its full splendour after penhelion passage 

The only feature which belongs to alt comets is the coma Many comets have no nucleus, 
and quite a large proportion have no tail , on the other hand, some comots have moro than ono 
tail One ajqiearcd in 1744^^^^^ had no Itss than eix tails, symmetrically disposed in tho 
figure of a half opened, but somewb it curved fan Others have exhibited a yet more ancma- 
lous appearance, having, besides a tail in the usual position, a second abnormal tail, inclined to 
the first at a considerable angle Sometinios the tail seems completely separated fiom tho 
head by a dark gap , more commonly, however, there is a dark cqiace immediately behind the 
head, but on each side of this space the light from the head is continued so as to form a bright 
border on each side of the tail 

The real dimensions of comets must, in many cases, be regarded as inconceivably vast, many 
times Iprger, for example, than the combined volume of the sun and all the orbs which circle 
round him On the other hand, comets are bodies of small mass, then attractions not appear- 
ing to have any influence even on the smallest bodies belonging to the solar system 

The particulars in tho three following paragraphs are takqp from the excellent appendix 
which Mr Dunkin, of thi Greenwich Observatory, has added to Lardner’s Handbook of 
Astronomy 

Distribution of the Cometary Oifnts in space Although the cometary orbits exhibit every 
variety of figure and position, while some comets travel m a retrogr^o, others m a direct 
manner around the sun, yet there are not wantii^ signs of law, even in the distribution of the 
paths followed by these seemingly most erratic bodies In the first place as regards the inchna- 
tlon of the cometary orbit®; Jiere ate sigus of a tendency among the planes of these orbits to 


COM 


121 


COM 


collect themaelves as tangent planes to an imaginary cone, having the sun as its vtrt< its axis 
at right angles to the plane of the ecliptic, and having a half vertical angle of about 45 degrees 
As re<^ards the distribution of the cometic perihelia, there seems to be a well-mniked tendency 
to a great increase m the sun’s neighbourhood The following table indicates the proportional 
umber of perihelia found between given limits of distance, and the deduced richness, of dis- 
tribution of penlielia, the column headed cubical apace referring to th6 actuitl volunie of 
Ephencalshells centrally placed round the sun, and havmg their bounding surfaces at the distances 
fiom him V hich arc indicated m the first column — « 


Limiting Distances 
from Bun in milUoua 
of miles 

Number of 
Perihelia 

Cubical Space 

Density of 
Perihelia 

0 to 20 

8«S 

X 

8 6s 

20 to 40 

11 70 

7 

1 67 

40 to 60 

20 30 

19 

1 06 

^ to 80 

17 20 

37 

0 47 

80 to 100 

20 80 

61 

0 34 

100 to 120 

8 6s 


009s 


It IS impossible not to recognise m the relations here presented the exist&ice of a well- 
marked law of increase towards the sun’s neighbourhood This increase is the more rtmaik- 
ablc, bocauseall comets whoso orbits lie wholly within the earth must escape recognition 
One can hardly doubt that many such bodies exist If so, the number of perihelia within the 
earth's orbit may increase in a very much greater proportion than that indicated in the above 
tab’e 

bmcral Laws aj^eettng Cometic Orbital Motions Although the comets present so many rc- 
ni.ii able features of diversity from all the other members of the solar family, yet the divoisity 
ifc less maiked in some cometic groups than in others For example, the orbits of the comets 
which travel within the path of Saturn arc characterised by a tendency to exhibit what may be 
termed planetary features Many of them arc, indeed, inclined to the i>lane of the ecliptic at 
con*' ich 1 able angles, yet they show a decided general prcference'’for that plane In this respect, 
iiidei (1, they closely resemble the asteroids, but their eccentricity is ’n every instance grcatci 
than 111 any case of asteroidal motion The following table indic^ieB these relations un- 
mistakably — 


Name of Comet. 

Mean distance 
fiom Sun 

Eccentricity 

Inclination 

Period in years 

Encke s 

2 2181 

0 8464 


3 303 

DVaiiipaiii s 

2 8490 

0 6^7 


4 809 

Dlirckhanlt s 

2 9337 

0 8640 


5 02s 

ClansLii s 

30913 

07213 

1 5343 

5 43S 

Do Vico’s 

3 10^3 

0 6173 

S 54 45 

5 469 

Winnecko’s 

3 1343 

0 7547 

10 48 4 

S 549 

Drursen’s 

3 1463 

0794s 

30 57 51 

5 581 

Lcxell's 

3 1560 

0 7861 

I 34 z 9 

S 607 

Pons’s . 

3 j6o2 

0 7SS® 

10 42 48 

5 6id 

D’Allcst’s 

3 4818 

0 6609 

13 56 6 

6 360 

Blcla’s 

3 5306 

0 7583 

la 3317 

663s 

Payo’a , 

3 8u8 

05576 

II 22 7 

7 414 

Pigott’s 

46496 

0 6784 

47 43 0 


Peters s 

6 3206 

07567 

13 S14 

15990 


■All these Comets trmd zn a direct manner around the sun 

Now, in considering a group of comets having mean distances considerably exceedmg those 
of the comets m the above list, we find at once increased eccentricity, a much greater average 
of inclination, and no longer that umfoimlj direct motion which charactenaes the comets of 
short period 

Take for instance the following table, which includes six comets whose aphelia he beyond, 
but not (relatively) veiy far beyond the orbit of Neptune . — 
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Name of Comet 


Mean distance 
from Sun 


SCccntricity 


Inclination 


Period in years 


tVestphal’p 
Pons a 
Do Vico’s 
Olbera’ 
Brorsen’s 
Halley’s 


16 6:oo 

17 095s 
17 S , 

17 c,38 
>7 779S 
17 9875 


o 9348 
o 9545 
0 9544 
o 9Jia 
o 97*6 
o 9C74 


4 o<' 58 ' 3 a" 
73 57 3 
84 57 »3 
44 29 55 
19 825 

17 45 5 


67 770 
70 068 

73 250 

74 050 
74 970 
7C 680 


Of these the first five move tn a direct, the sixth in a retrograde manner 

Now, notwitlietanding the fact that amongst these two groups direct motions prevail so 
considerably over retrograde motions, yet in taking 203 comets, whose direction has been ascer- 
tained, Mr Uunkiii hnds 104 which have direct, and 99 which have retrograde motion, an 
equality of distribution showing that, so far as all the comets not specially associated with our 
system arc concerned, no trace exists of any law governing the direction of motion 

It will be noticed of the two groups of comets dealt with m the above tables that their orbits 
are related in a somewhat intimate manner with the orbits of Jupiter and Saturn as respects 
the hrst group, and that of Neptune m the case of the second The aphelia of all the comets 
of the first group, except the last two, lie relatively not far from the orbit of Jupiter, those of the 
remaining two*comets are in like manner associated with the orbit of Saturn, while the orbits of 
ail the comets in the second table are associated in a similar way with the orbit of Neptune 
This evidence points to the conclusion that those comets which now form part of the solar 
system, revolving in closed orbits around the sun, have been introduced into that system bj the 
action of the major planets It is clear that, supposing a comet were approaching the sun 
from outer space, on a path which, if there wore no disturbing force, would carry it close to the 
sun, and then away into space again neier to return, the action of a major planet, which should 
happen to be close by the comet’s path, might very well serve to deflect the comet into a new 
orbit, having an elbptic il instead of a parabohe or hyperbolic figure And it is easy to see 
that m the majoiifcy of instances, the scene where this disturbance took place, would be near the 
part of the comet’s new orbit which was most cuned, in other words, would be near the aphelion 
of the now orbit Now if the comet’s path were considerably inclined to the piano of the 
ecliptic, it will be obviou" that m travcllmg on its new path the comet would only bo bable to 
fresh disturbance whenj either near the scene of its introduction into the planetary scheme, or 
at the exactly opposite part of its path, where it would again cross the plane of the ecliptic 
If, as would eoiiimonly be the case, this second point did not he near the orbit of a planet, the 
comet w ould be only liable to fresh disturbance when near the scene of its first introduction into the 
solar system Thus wc can understand the existence of groups of comets depending on the 
major planets, in such a way that while the sun principally sways their movements, ono or 
other of tho major orbs is a sort of suboidinate ruler which may be able at some future time to 
exjiel the very comet it had introduced into the solar system This is, indeed, no imaginary 
case, since Lexell’s comet, which was forced by the attraction of Jupiter into an orbit having 
n mean pciiod of about 5 i years, was again encountered by Jupiter after completing two 
revolutions round the sun, and sent off on an orbit which extends far out into space, even if it 
be not parabolic or hyperbolic in figure The comet has never been seen since 

We know so little respecting the physical condition of comets that it would be hazardous to 
speculate «it present concerning their real nature A theory of great ingenuity, and (what is 
novel m this branch of speculation) founded on physical experiments which really seem to havo 
some bearing on the subject, has lately been put forward by Piofetipor TyiiilaU, who is disposed 
to regard the tails of comets as resulting from the formation of a species of actinic cloud by tlie 
action of the solar rays, after their character has been altered during their passage through the 
comet’s head At present, however, it is difficult to say whether such a theory is well or ill 
founded, because we bavd so bttle positive evidence respecting the actual physical condition of 
coinetic substance ^ 

flOMETAllY SPECTRA Mr Huggins has discovered that comets yield a spectrum con- 
sisting of three or four luminous bands much wider apart than those in the nebulaj Brorsen’s 
comet, 1868, gives three bands not identical in position with those of any known substance, but 
the three bands of o >met 11 of 1868 coincide with the spectrum of incandescent olefiant gas or 
carbon (see Mr Huggins’s paper, Phil Trans iSfiS, p 529 ) (See Spectrum ) 
COMMUTATOR {z'jnto, to turn) A piece of apparatus used, for makmg, breaking, 
and rcvcftiug a current from the battery, m connection with many electrical instruments 
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There are many forms of commutator , the arrangement used depending entirely on the 
purpose for which it is employed Frequently it consists of an ivory cylindtr into which are 
let at intervals shps of brass whose numbei deiiends upon the connections to be made These 
slips are connected with each other in pairs, and the cylinder is turned upon its axis by 
means of a handle Against the surface of the cylinder springs press, which are connected with 
the batteries, galvanometers, or other instruments, by wires proceeding to Umding^crQwa attached 
to them When they press upon the ivory parts between the brass slips on the cylinder, con- 
nection Id cut off, since ivory is an insulator, but when the ivory cylinder's turned round, and 
they press upon the brass slips, the circuit is completed, m any required direction, by means 
of the wires joimng these slips. 

Other commutators are described in connection with the instruments to which they me applied 
COMPARISON OE THE INTENSITY OE TWO LUMINOUS SOURCES See 
Pliiihmctn/ 

COMPASS Primarily an instrument foi showing tho magnetic north and south 
line, founded upon the power winch the earth has of causing a magnet, supported so as 
to be capable of turning round a icrtical axis, to take up a definite position Smee, however, 
the phenomena of magnetism have become bcttei understood, the name has been extended to 
include exeiy instrument for examining qualitatively the directive tendency of the earth upon 
a magnet If, as is fully explained under Maynetmn, Temcslnal, a magnetised bar could be 
fiecly suspended about its centre of gravity — that la, so as to bo capable of tuniing in any direc- 
tion whatsoever — it would take up a certain position depending upon its place on the 
earth’s surface In England it would pomt nearly to the geographical Vortli and south, 
and it would dip downwards at the same time, making an angle of about ^o‘ with tlie horizon- 
tal plane An instrujnent for observing the north and south iliiectivc tendency nr the ditliDa- 
tion IS called a declination compass, or, more frequently, simply « compass An instrument for 
obaeiMug the dip or inclination is called an inclination lompasi, and frequently a dipping 
needle It is the first of these instruments which we shall now desenbe, as it is tho one to 
winch the word rnnqjsss onginalJy belonged tho description of the other will be found below, 

The history of this instrument is entirely unknown There is good reason for believing that 
the tilimese were acquainted with the use of it seven hundred yeais at least before it was tm* 
ployed by Euiopcan nations Tfio general use of it in Europe appears to have been mtioduced 
I’jou. the end of tho thirteenth eentuiy It was known m the twelfth century, the first men- 
tion of it being made by a Eitnch writer of that period 

'I'Ji'j compass in its simplest form consists of a bar magnetised In^tiidinally, and supported 
by a »ertical needle point, so os to be free to move in the honzontalrVane A delicate method 
of 8ns]iension is obtained by boring through the bar, and attaching ]iJt above the hole a hol- 
lowed c I'p of agate or ruby, by which the bar rests upon a very tme needle point A sufhciently 
light magnet supported in this way is but little mterfered wuth by friction Tho magnet thus 
suspended is placed inside a circular compass box end on a white card in the bottom of it tho 
points of the compass ^see Rhumbs), with half points and quaitcr points, are marked , and fre- 
qnent'y the circumference of the card is divided into degrees and quarters of a degric Ry 
observing, then the direction in which tho magnet points, and by knowing the antjle of vai lu- 
tion for the place of observation the true or geographical north and south line is determined The 
angle of variation is the angle by which the north and south line, as indicated by the compass, 
differs from the geographical north atul south Imc t®®® Mwjnelism, Tcircsliiat ) Eor Green- 
wich this angle is at present (1870) I9"55' west — that is to say, the magnet points to the west 
of true north by that amount North of Greenwich the angle increases , thus at Edinburgh 
it 18 2°s' greater (See also Compass Mai iner's ) 

COMPASS, THE AZIMUTH. The assmuth distance of any pomt in the heavens is the 
distance measured along jthe horizon between the foot of a secondary to the horizon thiough tho 
point, and the point of intersection of the astronomical mendian with the hori/on The same 
lb the dehnition of the magnetic azimuth distance of a point, if for astronomical mendian, mag- 
netic mendian be substituted The Azimuth Compass is an instrument for determining the 
magnetic azimuth of a point , and it is plain that, by knowing the astronomic il a/iiniith, and 
likewise the magnetic azimuth of a point, we can at once determine the lai lation of the compass 
at the place of observation (See Compass, Pai lalion of ) 

The Azimuth Compass la a manner's compass, which has the card divided into degrees and 
quarters of a degree round the circumference, and at opposite points of the box are htted two 
upiigbt pieces of brass, with shts down the middle, through which tlie sun, star, or other objecc 
may be viewed These upnghts are called the sif/hts of the insti ument A vertical wire or hair 
18 stretched m the middle of ono of the slits , the other is furnished v.ith a tnangular pnsin, 
arranged so as to reflect the division of the compass card just below the sight up to the eye. 
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Thia Bight has also an eye-piec0 with coloured glasses to preserve the eyes when the sun is the 
object observed 

In order to use "the instrument, the whole box is turned round a vertical axis, till, on looking 
through the eye-piece and the sight opposite, the object to be observed appears through the slit, 
bisected Jiy the bair, which passes down the middle of it At the same time, the pnsm reflects 
the divisioi^B of the schle to the eye of the observer, and the number read off expresses the 
magnetic azimuth distance of the obicet 

COMPASS, DECLINATION , or, Dediibometcr The instrument by which the angle of 
magnetic declination is determined — that is, the angle between the planes of the magnetic and 
geographical meridians (See DccZiwution, DcchnoTiidCTf and Atoffnctisnij TcvrcstwiZ ) 

COMPASS, INCLINATION, or, Dipping Needle An instrument for measuring tlie 
angle of magnetic mclinatwn, or the angle which a magnet, turning about a horizontal axis, 
and placed in the magnetic mendian, malces with the horizontal plane (See Dipping Needle, 
and Mw/nctism, Terrestrial ) 

COMPASS, MARINER’S A particular form of compass especially adapted to use at sea 
To the upper side of a magnetised needle turning upon a suitable pivot as described above 
(see Compass), is attached a circular plate of mica in the centre of which is traced a star with 
32 lays, which are the rhumbs or points of the compass as they are called In order to avoid the 
effect of pitching and rolling of the ship, the compass is supported on gvmhalds These are two 
concentric cojipcr rings , the larger nng turns upon a horizontal axis whose extremities rest in 
the sides of the extenor case which contains the compass The interior nng turns upon an 
axis winch passed through two opposite points of the circumference of the outside nng in a 
line at right angles to the axis on which it turns The compass is fastened to the inside ring, 
and its weight tends to keep the plane of the rings horizontal Thus supported, the compass- 
box and caid always keep their position in spite of the pitching of the vessel A black vertical 
line is drawn inside the compass-box, so placed, that the line joming it with the point on which 
the card turns is that of the ship’s motion, and thus the point of the cord which stands 
opposite to it indicates the direction in which sho is sailing, with reference to the magnetic 
mendian of the place Per night sailing a lamp is arranged bo as to throw its light uji from 
beneath through the mica card, and the points, whichare opaejue, appear dark upon a bright ground 
A great obstacle to the use of the compass is found in the ffiagnetism of the ship itself An 
account of this will be found under Magnetism of Ships Vanous plans have been proposed for 
doing away with the effect of it, suoli as by placing near to the compass masses of soft iron, or 
by having a compass caid distorted to suit the particular ship Since, however, the magnetism 
of the ship IS not perma(^ent, but alterable by change of position, by rough weather, and so 
on, those methods can^iever be wholy successful In laige ships a compass is frequently 
placed at the mast bead, and this being veiy much out of the influence of the local attraction 
the error of tlio duck compass can be detemimed by comparison This error is also frequently 
deterniincd when possible by observing a distant object on shore and noting the effect on tbe 
Azimuth Compass while the ship is gradually swung, that is, has its head turned round to every 
point of the compass The terresti lal lanatums of the compass will be found discussed in a 
separate article (See Compass, Variations of, Dedinatvm , and Magnetism, Terrestrial ) 
COMPASS, POINTS OF THE See Ehumbs 

COMPASS, SINE, more usually called a Sine Galvanometer Is an instrument for 
determining the strength of an clectiic current (See Sine Oalianometer ) 

COMPASS, TANGENT, more generally called a Tangent Galvanometer An instrument 
used for determinmg tbe strength of an electric current We have described it under 
Galvanometer 

COMPASS, VARIATION OF. The term “variation of the compass/’ is frequently used 
as synonymous with deviation of (he compass, or declination of the compass (See Deth- 
nation ) ' 

COMPASS, VARIATIONS OF The magnetic elements, viz , the angles of declination 
and inclination and the intensity, do not always remain the same, but are subject to changes 
or lanations both periodical and also irregular Of the former kind there are secular variations, 
or those which take very lo tg penods of time, as centuries, for their completion, and there are 
also annual and diumed vanauons. These vohations as well as the irregular ones, it is the 
object of magnetic observatories to determme and to record The methods of doing so and the 
instruments used, will be found described under the proper heads (See Observatorg, Magnetic , 
DnJinometer , Dipping Needle ) It is the nature of the variations we ore concerned with here 
The nature of the secular variations of magnetic declination will be ^est understood from 
examuung tbe following t;ble which gives the r^nes of the angles at T-nuflou for a number of 
years. 
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In 1576 the angle of declination was in England, 11° 15' En^t 
1 622 „ „ 6 

1 660 „ , , o 

1730 „ „ 13" West 

1760 „ „ 19°3o'W 

18 1 8 „ .f 24°4i' W maxlmuin 

1850 „ „ 22°29' 

1870 ^ „ „ 19°S5' 

Thus it appears that in 1576) the first year of which we have any record, the needle pointel 
11° 1 5' to the east of true north This angle gradually decreased till the year 1660, when tho 
line of the needle was the saine as tlie geographical north and south line The decimation 
then gradually took a westerly value, increasing till the year 1818, when tho needio pointed 
24“4i' lip the west of the geographical north This wan its maximum, and from that time tiU 
the present the angle has been ditninishmg At present, 1870, tho magnetic needle points 
1 9° 5 5' west of true north On exdxuinfaig the table it is casdy seen that the rate of change 
per annum is not always the same In approochii^ tho geographical mei idian, it appears to 
he accelerated, and m approachmg its maximum value to be retarded Tho piescnt rate of 
decrease is about 8' per annum Similar variations of the nccdlc^re observed at other pi ices 
on the earth’s surface, but the amounts and the dx^cetions of these variations are not tlie same 
fur different places Thus at Fans the time of moixunum westerly’declmation was the year 
1814, and in that year the amount of it was 22°34'. 

In 1780 Cassmi discovered that the angle of declination is subject to a certam annual 
variation According to him tho westerly declination is greatest at the vernal e(|uinox From 
that tunc till the summer solstice it la gradually diminishing, and from the suimncr solstu c to 
the 1 crual e<iuinox it again slowly increases The amount of this annual variation is snull ^ 
It differs at different penoda , its average range at Kew is about 59" 

Lastly, the declination is, as has been mentioned, subject to diurnal variations, discovered by 
Graham in 1722 At about 8 m the morning the north end of the needle is pointing about 4' 
to '< e oast of its mean position From that time till i P M it turns more and more towards 
the west, and at that hour stands about 6' to the west of tho mean It then turns backwards 
to the east, and after a very ahght westerly excursion, between 12 midnight and 3 A M , it 
regainr its first position at 8 a u , when it recommences the same senes of changes We have 
dtsi nhed here an average course for Kew The amount varies at different pari s of the year, 
•vnd very much at different places The nature of the change is, however, similar for places 
haamg northern magnetic latitude, and the same descnption holds fi^^hc southern magnetic 
hemisphere, if the iinmcs of the poles be interchanged, and the dirccAons of the vanatiuns 
altered 


The niagnetii. inclmation is also subject to periodic changes Since the year 1720 it has been 
gradually deiTeasing In that year it waa 74'’42', in 1800, 7 o° 35 ', m 1850, 68“4S'; and in tho 
present year, 1870, fiy’ss' It is evident from these numbers, which are all in the dccrca'-mg 
dirtction, that as yet we know nothing of a complete cycle of change There are also small 
annual and diurnal variations According to Uanstein it is about 15' greater m summer than 
in winter , and the soma observer states that it is about 4' greater in the raommg than in tho 
afternoon 

So far but little is known of the variations of magnetic intensity In 1865 the total intensity 
was, in Entish magnetic units, 10 28 , m 1S70, 10 24, The horizontal force (1870) is 3 S3, and 
tho vertical 9 49 (See IntensUy, Magnetic ) 

We have mentioned above that, besides the periodical variations, there ore others which are 
not penodical, and which have hitherto been to us occurrences without regular law To these 
have been given the name^tu^nchc stmrma, and an account of them will be found under that head 
_ COMPENSATION PENDULUM In order that the oscillations of a pendulum maybe 
isochronous, the distance between the centre of suspension and the centre of oscillation must 
be invariable (See Pendvlum ) If tho pendulum consist of a simple wire, this length wiU 
vary with the temperature, and therefore the time of oscillation will vary , hence the li ngth of 
the simple equivalent pendulum should bo mdependent of temperature Compensation jiendu- 
Junis are so constructed that the lowermg of the centre of oscillation, by the extension of one 
part of the pendulum, is compensated for by the extension of other parts in the opposite 
uirection There are three common forms of compensation pendulum The first ii the 
9 euliron pendulum It consists of a steel rod, osciUating about a pomt of suspension, and bear- 
a rectangle of ste^l , the lower bar of this rectangle supports two rods of brass passing 
Vertically upwards, which with a horizontal bar of brass form a second rectu.ngle withm the first 

0 the honzoutal brass rod is attached a third rectangle of steel , and witlm this again, and 
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attached to the baae, is a fourth rectangle of brass, the horizontal bar of which bears the central 
red and bob of the pendulum Now tlic steel rods elongate downwards with a rise of tempera, 
ture, and the brass rods upwards, consequently they may be so arranged that m spite of 
Tanatioii of temperature the centre of oscillation shall remain at the same distance beltiw the 
centre of suspension In order that this result may be attained the sum of the lengths of the 
vertical steel rods mifct he to the sum of the lengths of the vertical brass rods iii the inverse 
ratio of the coefficients of expansion of steel and briss Now the coefficients of expansion of 
steel and brass are to one another ss 5 9 nearly, therefore the sum of the lengths of tho steel 

bars must be to the sum of the lengths of the brass as 9 to 5 

The second kind is Martin’s covi/>eiivtUon pendulum It consists of an ordinary pendulum, 
with a metallic bar placed horizontally acr<iS3 the xiendiilum rod, and bearing at its extcmities 
two ht avy balls I’lio horizontal bar is composed of two bars of different metals soldered to- 
gether, the upper one expanding less than the lower for a given rise of temperature . Hence 
when tho bar is warmed it bends into a curve, so that although the pendulum bob is 
lowered in consequence of the expansion of the central rod, the balls at the end of the horizon 
tal bar are raised , hence if the material length and weight of the bar and balls be propeily 
chosen, tlie centre of gravity of the whole pendulum, and, therefore, the centre of oscillation 
reni mis unchanged • 

A third kind of eompeppalion pendulum is Graham’s mercnridl pendulum The rod of the 
pendulum is steel, and thd oob a hollow glass cyhndcr containing mercury When the tempera- 
ture rises the steel rod elongates, hut the mercury rises , and since the expansion of the mercury 
IS greater than that of the steel, the one may compensate for the other, so that the position of 
the centre of oscillation remams the same 

CO^^lPLIjiMENTARY COLOURS {Oomplcmenlnnv , com, together, and pleo, to fill) 
t'omplementary colours are those which are m the greatest degree opposed to one another, and 
•whioh therefore, when mixed together, produce white light or neutrahty The following are 
tho principal colours and their complemontancs — - 

Red . Green Oringo Blue Yellow . Violet 

COMPOSITION OF COLOURS Sec Colours, Composition of 

COMPOSITION OP hORCES The transformat’ on of one sj-rtem of forces to another 
system which will produce the simc mechanical effect The principles of tho composition of 
forces depend on geometrical theorems, by means of the fact that the three elements which 
dc’liue a force, may be represented by a straight line , for example, the extremity of the lino 
may represent the positiw of the point of application of the force, the direction of the line the 
direction of the force , ^tl by seleeting a umt of length to represent a unit of force, the length 
of the line will represent the magnitude or intensity of the force The single force, which will 
have the same eilect os several others is termed their Resultant To apply the theorems of 
geometry to the conipuHition of forces, the following pnnciples are i-etiuired 

1 The Prinnple of the TranimtS’nhddy of Force, A force may bo applied at any point in tho 
lino of its direction, provided this point bo connected with the first point of application by a 
rigid and inextensible straight line 

2 Tho resultant of a number of forces acting on the same straight lino also acts along this 
line, and its magnitude is found by taking the sum of the components, acting m one direction, 
f I nin the sum of those which act in the other direction, the direction of the resultant bemg that 
of the greater sum 

3 When two equal forces act on the same point, the resultant bisects the angle between 
them 

4 From these is deduced the parallelogram of forces When two forces, acting on a point, 
are represented by two adjacent sides of a parallelogram, their resultant is represented by the 
Uiagoiicil of the parallelogram passing through the point of applicatipii 

5 Tlic resultant of two parallel forces is parallel to each of the components, and is equal to 
the sum of the two components when they are alike in direction, and to their difference when 
they are unlike In the former case the resultant lies between the Kiomponents, and in the 
lattci beyond the greater, and m tho same direction as the greater The position of the 
resultant is given by the fai t that when each of the components is multiplied by its distance 
fiom the resultant, tile two products are equal , m other words, the distances of the fortes 
from the resultant are inversely proportional to tne forces When, however, the paiallel forces 
are ixiuaI in intensity and opposite in direction, they have no smgle resultant, and can only be 
eonntcraetcil by a similar pair of equal forces Tw o equal and opposite forces are termed a 
couple (See Couples ) When a nuinuer of forces act at different points in a body, they can 
always be reduced either t* a single lesultant, or to a smgle resultant and a couple In order 
that a body may be m equilibnum under the action of a system of pressures, both resultant 
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and resultant couple must be zero, that is to say, the forces must neither fpve to the body a 
motion of translation, nor a motion of rotation 

COMPOUND MACHINES Any combination of simple machines is tcm od a comjioiind 
machine The mechanical advantage of a componnd machine is the product of the inerhaincal 
f Ivantages of the separate simple machines Uy the combination of several levers bo that the 
wcifrht of one is apjihed as the power of the next, and so on, we avoid tho'nece'sity of largely 
increasing the length of the power-arm, in order to obtain sufficient advantage by the nsc of one 
lever only, "ud wc distribute the pressure on the fulcrum over several points For application 
of these principles see Wevjlitng-Machmes , Crane , Cial>, Capstan Of course the merease of 
power gamed by the use of compound machines is attended by a corresponding diminution m 
tlie velodty with which the weight is moved 

COMPOUND MIOEiOSCOPE A compound tmcroscope consists essentiaUy of an object- 
glass and an eyc-piece, connected by a tube eight or ten inches long, firmly supported on a 
heavy foot, and fitted with rackwork or sliding adjustment to enable the tube to be raised or 
lowered along its axis Eeluw the eye piece, and firmly attached to the stand, is a stage for 
buppoiting the object under examination In the best lustnimcnts this stage is fitted with 
rotating arrangements and screw adjustments in all directions, so as to enable any portion of the 
olijeet to be examined without removing the eye from the eye piece Underneath the stage is 
fitted illummating appaiatus, by which a beam of lamp or day light Aflccfed fiom a minor may 
be converged on to the object (See Illuminating Ltns ,* Concaie Mirror ) The object glass 
consists of a combination of piano convex athromaiic lenses, so arranged as to bo fi ee from spherical 
abenatwn Tbe ccpii valent focus of these may vary from three and four inches down to the 
fiftieth of an inch, the ^ and j: inch being the most generally useful The object-glass is 
brought down to the object until they are at such a distance apart that an enlarged image 
of the object is formed in air at abor^t 8 or lo mches above it This enlarged image is then 
received upon the eye piece, where it is again magmfied (See JUtcroscope , Olject-ylass , Eyt- 
piece Po'-itne Eye piece , Negative Eyepiece) 

COMPOUND PKISM In order to obtam a prism of a larger size than can bo conveniently 
mad 'lom oiio jncec of glass, several prisms may bo cemented together, one overthe other, baso 
to api X, on the fiiinciple of the pdygonal lens or PiesntVs lens, which see 

COMPRESS IIULITY' The ijuality of bodies m virtue of which they can bo made to 
occu)i> 0 binaller snaco All bodies are more or less porous, so that the molecules of which they 
are'C(i'npO'<odai*'not absolutelym contact (See Pmosity ) Hence all bodies aro conij'iessil le, 
gabea aic the most compreasiblo, and obey the law of lioylc that the volume vanes inversely as 
tliL ] 1 1 Stine When, however, great pressure and cold are applied, mok of the gases become 
L<]uids Oxygen, hydrogen, and nitrogen have not yet beeu liipulied % 

CO,Ml’RJibyTBlLITY OF LIQUIDS For a long time it w is supposed that liquids were 
ahsolutrly ineoTn] ressible The experiment known as the Florcnitnt Lrpenment was LelJ to 
point to this loncluiion A hollow metallic globe said to be of gold, and also of lead, was filled 
With watei ami perfectly soldered This was submitted to great picssure Since of all soluN, 
till the same surface a sphere has the greatest contents, it follows that if none of the water 
escijiu, any flattening of the globe mu.t be attended cither by a diminution of the volume of 
contained water, showing its compression, or by a stretching of tho metal It was found that 
the water was forced through the metal, appearing as dew on the outside (Compare Hydraulic 
Pn ss ) This u as viewed as a proof that the watei was incompressible That water, mercury, 
and sever il other liquids arc compressible, and their compression measuiablo, was shown by 
(Ersted A greater number of hqmds were examined by Colladon and Sturm, with somewhat 
diiferent results The instrument emjiloycd, called a Piezometa , consists of a glass globe, on to 
the iicek of which is fused a long capillary tube The capacity of the globe is ascertained, as 
also that of the capillary tqjbo , so that the ratio between the entire eipicityof globe and 
tube and any poition of the tube may be known The capillary tube bears i scale Tbe globe 
and tube are completely filled with the liquid under examination, and mverted into a littlo 
tiongh of mercury On .gently wamung it a little of the liquid is expelled, so that when the 
oiigiiial temperature is restored, the mercury rises in the tube to a couvement heiglit Side by 
side With tins globe is placed m the mercury a cyhnJrical tube closed at the top, open at tho 
bottom, and giailiiated into divisions showing equal units of volume Tins latter tube serves 

a irianometer (see il/anomctcr), since the diminution of tho air m it when under pressure is a 
measure of the pressure (See Elasticity of Gases ) The two neighbounng vessels are, together 
J'lth the mercury trough, enclosed in a very strong gloss cylinder, iiciinaiioritly closed at the 
oottom, and capable of bemg closed at tlie top by a screw bead into winch is fastened the do- 
Ineiy tube of a force-pump Tho glass cylmder is completely filled with water, its head screwed 
oi>, and the deliveiy tube of the force-pump, which u fed with water, is inserted On workmg 
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the pump the pressure is transmitted tlytiugh the water to the mercury, and forces the latter 
up the capillary tube, and also up the manometer tube The first of these effects must be due 
to the compression of the bqmd in the glass globe The second is, of course, due to the com- 
pression of the air Sm 6 e (see ElaaticiVi of Oases) the volume of a gas vanes inversely as the 
pressure to which it is subjected, it is easy, by reading the height of the merouiy in the mano- 
meter £ube, tb find the pressure to which the mtenor of the apparatus is subjected By reading 
the height of the mercury m the capillary tube and knowing the capacity of this tube in com- 
panson with that of the globe, the amount of compression on a given volume is determined, 
which corresponds to and la effected by the given pressure Although in this piezometer the 
pressure on the outside is the same as that on the inside, yet Begnault has shown that this cir- 
cumstance is not sufficient to ensure that the pic/omcter shall remam of constant capacity In 
Regnault’s form of the apparatus, the piezometer bulb and the mtenor of the compression 
cylinder could each, by means of four cocks, be separately or together put m communication, 
either with the external air or with a vessel of compressed air By this means, on the one hand, 
the compression of the piezometer tube when subjected to pressure could be measured On tlio 
other, the total apparent shrmkmg of the liquid, due partly to its actual compression and parti j 
to the expansion of the piezometer tube, when the pressure was exclusively applied to the 
latter, could be measured Hence the true compressibihty of the hquid could be deduced A 
few of the results obtained by Grassi, who employed llegnault’s method, aie appended The 
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COMPRESSION (Con, together, and premo, to press ) In astronomy the compression of 
a planet is the amount by which the polar axis falls short of the equatorial It is commonly 
.expressed by the ratio which the difference of the two diameters bears to the greater Thus 
jf the compiession of a planet bo spoken of as ono-tenth, what is meant is that the excess of the 


tion is^^en, but by sli^tly bending it between the fingers, or compressing oi dilating it in any 
other way, coloured fnigcs are produced, showing that compression or dilatation roinmunicatcs 
a doubly refracting structure to it Similar efiects arc produced with jelly, (See Circular 
Pdm isittion , Chromatic Dynamometer) 

COMPRESSION, ELECTRICITY OP It was observed by Hauy that when a piece of 
calcaieous spar is pressed between the fingers it becomes positively electrified, and will Keep 


its elO< til fic.it ion fur days together Many other minerals, such as fiuor spai, topaz, mica, 
have a siniil.ar property, becoming eithei positively or negatively electrified when jiresscd 
The blectncity developed in tlus way is frequently spoken as electricity of compression This 
excitation by 2 >reHBiire docs not appear to be a property belongmg only to crystalline or mineral 
bodies Many other substances, when pressed together in pairs and then separated, exhibit 
decline excitement, one becoming positive and the other negative. llTius if a disc of cork anti 
one of caoutchouc, held on lusulatiiig handles, be picssed together and then separated, the cork 
IS found positively, and the other negatively, electnfied It is difficult, however, to separate 
the effects due to compression from those due to friction In the case of compression as in 
that of friction much depends upon the nature of the surfaces, whetljeV rough or smooth, pohslicd 
or unpolished, and the unequal distribution of heat between the two substances brought into 
contiict likewise affects the result 


CONCAVE LENS, DOUBLE {Concaius, hollow) A lens bounded by two concave 
spherical surfaces, which causes parallel rays of light to diverge If the radii of its curvatures 
arc alike, it is said to be equally concave, bu^ if othci’wise, unequally concave 
CONCAVE MIRROR A reflecting surface of a concave form It converges incident 
parallel rajs to a point m front of it called principal foeas The distance of the focus from 

the mirror is one- half the radius of concavity Divergent rays, falling on a concave mirror 
from .1 somewhat distant point, will be converged to a focus beyond the principal focus The 
radiant point and this new focus are called coiijuyate fon, because if one is the radiant point, 
the other will be the focal point Converging r.iys, falling on a co&cave mirror, come to a 
pomt within the prmcipal focus. A concave mirror will form at its focus a Hmnll and highly 
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luminoua image of any object in front of it, and when of large size and considciablc concavity 
it will coiuentrate tbe sun’s rays, and become a very poweiiiil humitu/ minor A crnicavc 
mirror, woiked to a parabolic curve, is free from spherical aberration (See PituiUdic Mmoi ) 
CONCAVO-CONVUX LENS A lens having one concave and one convex suif.ice, but 
differing from a meniscus lens in that the concavity exceeds the convexity. It acts as a, concave 
lens, and causes parallel rays of light to diverge ‘ • 

CONCAVO-CONVEX PHIHM See Prismatic Lem 

CONDENSER A condenser la an instrument for collecting clectncSty Its pniicijilo i*! 
founded upon induction, and it consists cf.gcnti.iUy of two conductors in'.uldtcd from each othci, 
and jilaccd in such a position that induction may favourably take place between them 'I'luie 
arc vario\i3 forms, but all of them arc modifications of what is luiovvn, fioin the nunc of its 
inventor, as iEpinus’ Condenser 

fl Condemcr consists of two circular brass plates placed opposite to each other, and 

suj'ported, with their planes vertical, on ghass jnUars The feet of the pillars aie fixi d to pieces 
of wood sliding in a fi vine common to them, and the distance between the jdates can thus be 
altered at pleasure Generally a tliiicl veitieal pillai svijfpoitH a jdate of gliss, or othei insul.it- 
uig matter, bi tween the two brass plates Let us e.ill one of the hi ass jdati s A, and the other 1? , 
and sujtpose Abe connected with the prime conduetia of an clcctiie inuhnic, 13 with the e nth 
Now let .V charge of positive eleetiielty be eominunie ited to A Inductive action tiikcs pi ice 
between the jilates, and negative electricity is induced anil made latiiit, hotniil, nr ihi'ninnhited, 
as it is called, upon 13 Tins in its tuin makes latent a reitim pioportioii j>f the tli etiuity 
upon A It IS evident, therefore, that on account of this inductive aitum a lunili 1 tiger 
quantity of electricity c.in he put upon the plate A when 13 is jnesent than wlieii it is not 
Tin extent to winch the “dissnaulitnm” by means of mduetiou t ikes pi lee clejii nils ujioii the 
ni mess of the plates, and upon the ipriijtr indudne cnpcii iti/ of the matcri il bi Luetu them 
(Sec 'nduetion, Oiipadtp, Specijic Iiiduftive ) If now 13 be removed from the vicinity of A, the 
ilectiui'yon A winch was fonnenly held bound on the side nearest to 1> sjue ids ovu llie 
I late, and c tii mako its action manifest tovv.aids external objects The comletisei e in therefoie 
' made use of for the jiurpose of diaeovcniig cleetiieity m sources, which, though weak, aior 
capable of continuous action ' 

\'ultii’i VondiHsinij Haliosrope consists of an mdinarygold leaf elcctrospojio, to the top of 
vihie’i 's ittael cd a hoii/oiital plate of brass (A) of coiisideiable si/e This is usn dly eovcied 
witii Oi*'ll-l . 1 . which forms the insulating dieleetiie On tlie top of tins tlie jilite 11 is pi iced, 
iiid to It iH attached an insulating haiiiUc If a weak source of elcctiieity, such .as i dry jnle, 
bf pot in connection with A, wlnlo the plite 13 is touched with the hi^ir, the inductive .ictioii 
viliulivve have just di scribed t ikes jilace If the linger is now i eiiwived, and thin tlio diy 
pib , Hid if the jil.atc 15 is carried .ivvay by its iiisiihitiiig li iiidlc, tin bound eleitiiiity on A 
ni 'kes Itself inaiiifest by the repulsion of the gold leaves The jilatc E is of eourbc found, to be 
eleetiified with the kind of electricity opposite to that of A 

GONULFCTION, ELECTRIC, is the traiisfeiencc of electric force through the luedmin of 
a conducting body (See C'oredactor, EUctiuiti/, LUrtioltatiis ) 

CONDUCTION OE HEAT (Con, together, duco, to lead) When a bar of met.al is 
heated at one end, it receives the motion winch constitutes heat by direct eont.iet, and trans- 
mits it from molecule to molecule along its length, until, at a certain distance from the 
source, the beat lost by radiation and convection is cqnil to tint received, when tlie tein])er.a- 
tiiie of the rest of the bar ceases to rise Tins piopagation of heat through bodies is called 
condtirtmi, and it v aries with the nature of the sut»tance 

I Conduition of Heat by Solidi If a bar of coppei and another of glass, of the same length 
and thiikiioss, are jilaecd in the hre, wo find th it the oopjier becomes hot much soonei th.in tho 
glass , in fact, we may e'asily hold a rod of glass in the hand at a few iiielii s fiom a red hot 
portion of it Again, if a silver spoon, and another of German silver or pewter are placed in 
the same vessel of hot water, the silver spoon becomes excessively hot, while the jicwter spoon 
18 no moro than warm This is due to the fact that silver conducts heat far bcttci th.an pewter , 
and all substances thus considered have been divided into good and bad eonduetois of heat , 
the term nonrconductor of heat Cannot be said to exist, because all subst inees, is £.ir as we know, 
conduct heat to a certain extent The variation in the conducting power of diffenmt substances 
Wag shown by Ingenhouz, by placing a number of bars of different substances, with one end in 
Contact with hot water or hot oil, and noting the extent to which wax wa.s melted from their 
Surfaces , or a compound bar, one half of which is of iron, and tho other of cojiper, may bo 
heated at the juncture, while sinall pieces of phosphorus an' placed on each of the remote 
ends , it will now be found that the phosphorus will take fare at the end of the copper bar, 
sooner than on the iron bar at the same distance from the source of heat. The following table 
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showi the relative conductivity of aoraepf the metals foi heat according to the determinatums 
of Wiedemann and Franz, the conductive jiower (or as it is sometimes called thermal conduui. 
vity) of silver being taken as loo 


Name of gubstance 

Conductivity 

Name of Substance 

Conductivity 

Silver 

loo 0 

Iron 


(Jopiicr 

73 <5 

],eail 


(Jold 

53 * 

PI itlnnm 


Brass 

21 6 

(lerniati Silver 


Till 

14 s 

Bismuth 

1 8 


The conduction of heat vanes with the tempciature, and Forbes has found that the nondnctl 
V ity dccrc ises as the temperature of the substance increases , thus if the conductivity of a bar of 
iron at o’ O be npicscnted by 01337 , at lOO’C , it is 01012 , at 200° 0 it is 0087G, and at 
275° C it IS ooSoi The conduction of heat is influenced by the specific heat of a snbstamc, 
and Tyndall has given the following cxpciiincnt m exemplification of this Jf wo tdeetno 
small cylinders, one of iron and the othci of bismuth, of pieusbly the same dimensioiis, and 
place tlicjii oil a hot surface, we notice that nax jilaced upon the upper extremity of the )jis- 
miith cylinder, melts sooner than w ix phiced upon the iron cylinder Yet, by the above table, 
it IS seen tint iron conducts beat far b,.ttci tbau bismuth , hence we sliouhl expect the wav on 
the noil cylinder to be melted before that on the bismuth cylinder But while the conducting 
power of 11 111 IS 119, and that of bismutli 1 8, the specific he it of the fi >niioi iso 1138, and that 
of the latti r o 0308 {iioo Him ijic Jlcat ) Thus non rcipiiits ne irly foul times as much licit 
to riisc its tempi ratuio through a ccitam imniliei of devices, as bismuth Therefore, althniigh 
the lion IS rcceuuig, m a given time, inoic he it than tlic bismutli, a less amount of this becomes 
Binsiblo licit , tint IS, the t< mpoi iture 1, Its^ quukly laiscd, conscfiuently the temperature at 
which w IX melts is sooiiei ittimcd by the bismuth thau by tlie iron 

Will u we tim< h a good coinliutoi of heat it feels cold, bee lusc it rapidly receives heat from 
,the hand If wi such ssncly tmuli silvn, lc<id, maiblc, wood, ,uid wool, at the saiuo tciiipei i 
Imc, the Hilvci mil apjicar colder Ih in the Ic.vl, the lead than Itie marble, the maihlc thau the 
wood, and the wood than the wool, because the coiubu livity of these bodies v.ines, and they 
timsi (nieiitly iiceive lie it fioni tlic hand with vaiy ing ilegiees of re nliness Our clothing is 
coin} osed of substuices vvhiiU conduct he it bailly, and thcicfore picvents the ra]ml i nb ition 
of belt tioiii tile bodui it in ly aj'piar anoniilous that we wr.ap ice 111 a bl inkct to keep it 
from incHini; si bile AvjTase the sanio utielefov promoting warmth , but it must be bonie in 
luinil, t'lit, 111 till one instaiK 0, the bidlvcoudnctiiig wool jueveiits the jiiss igc of hest fuimctnr 

bodies, wliih , in the other, it prevents the passage of he, at ta the ice The fur of aniinds, the 
jiliiin igc of birds, ,uid the bilk of ticcb, aio all bad conductors of Inat According to (.'ount 
Iviiiufoid the fill of the haie is the woret conductor of heat with which w'c aic acquainted, and 
cnk'i (loan IS luaily is bid, while wmol and eilk follow close belniid Tyudill found th it tlic 
bilk, IS loinjiirod with the wood of the pine tiee, conducts heat to an Lx’ent coiTcspouding to 
a dcflec tioii of 7 of the galvanoinetci, compaied with 12”, a very dclic,atc themiopilc being 
cnijiloiod in the c'penmeiitu Tin tcmpei ituie of the blood, both c>f man and animals, is fir 
above the me 111 tcmpoiature of the an, ,wid if the heat geneiaterl by the oxidation of ciibon 
witbni tlie 0114 luism, weic rvpidly dissijiatid, deith would ensue, because vital functions loiild 
not be earned 011 at such a diiniiuslnd temperature. In nee, in arctic reyions, men unprovided 
with the nueessaiy clothing die’, as amo does a bird htiniped of its iilumage, or a tree of it'> 
bark 

llie molecular condition of a substain e has a great influence on its conducting powei Com- 
pact iiiid ilciisc substances conduct heat, as a ink*, better tbau light and porous substance'- 
Ihis I- well cxemplihed m the difference in conducting jiowcr between compact ■wood and 
porous baik The same substance coinbicts differently, it it be in the solid or pulverulent form, 
thus Wood conduets better than sawdust, rock crystal In ttcr than sand Air must be assumed 
to be a bud conductor and in porous Bulistanccs wo have an iiiiftnncrable number of air spaces 
If a thill liyer of asbestos is placed on the palm of the hand, a red-hot ball of metal may bo 
iclil with impumty', for the asbestos, in viitue cf its structure, is an extremely bad coiuluctoi of 
eat As another eximple of the mfluence of moleculir structuie iijnin conductivity, may he 
nieiitiouod the fact, observed by fiv lubewg and Mattewcci, that bismuth conducts be vt better m 
tlie dm etioii of the planes ot cleavage, than at right angles to them De V» Itive and Be Candolle 
1 ’ll f ’’ettcr p Lrillel to its fibie than across it In the casn of oak, Tju- 

uau toniid, that unJei pieeisely smiilar conditioiw, the conduction of heat (expressed in deflec 
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tions of the needle of the galvanometer), was 34“ parallel to the fibre, and 9 5° perpendicular to 
the fibre, and parallel to the ligneous layers As regards crystals, M dc Sciiarmont has found 
that the conduction of heat takes place with greater readiness m some directions than 111 others 
If the cijstal belongs to the regular system, the conductivity is equal in all directions , if it 
belongs to the second or third systems, the conductivity is greater in the direct] on, of the 
crystallogiaphic axis than across it , while in other crystals the conductivity* vanes m thiee 
directions 

2 Conduction of Heat hy lAqnidt The conductivity of liijuids is very Blight Water may 
be boiled over a piece of ice, and, when heated from above, it is found to acquire Imat very 
gradu dly, A few experiments on the subject were made by Kumford, Thomson, and Muiray, 
and moie’recently by M Despretz {Armalesde Chimie el de Pliyuque, 1839, p 206 ) The 
latter pbjsicist employed a cylindrical vessel of wood, 30 inches high, into the side of which he 
placed a tiumber of thennometcra arranged horizontally, so that their bulbs were inside, and 
the grt iter part of their stems outside the cylmder The latter was filled with water, 
which was he ited from above by meins of a copper vessel in contact with the water siuf.icc, 
into winch hot water was allowed to flow at iiiti rvals After the lapse of a numlna of hours 
thethi rmoineti 1 s became stationary at different heights, froma coinp.vnson of which ]M Dtspi etz 
eoncludid that the eonduction of heat by water follows the same law as,condu( tion by solids , 
and he calculated that water possesses about one hundredth part the conductuity of eojiper 
Quite recently Professor (.lutbne has investigated the subject of liquid conductivity, and the 
following aie some of the results obtained (On the Thcimal llcw^titnce of iiqiinU, ‘ Philo- 
Bojihic il 'J’l ansactions,” l86g ) He considers that hquids possess a great ad\ ant ige o\ ei solids 
in all exact cvpcnments on the conduction of heat, on acenuut of their greater homogc lu ity, 

‘ hec''u=i no two speeimcua of the same solid substance arc physically identical,” while under 
like rxtirnal circumstances, two equal volumes of the same iKpiid are identical ” The prniei- 
p il ohj< ■ t of the investigation was to deteroune “the conductive indices or tlieimal resistances 
of lh(‘ eleii ents, and to determine the effect on such resistance caused by the ch itige of elunmal 
nature and of molecular cousti action of bodies ” By thermal lesistante, is meant the resistaneo 
olTii A by sill stances to the passage of heat through them by conduction, ami for the dctc iniiiia- 
t.oiis, an instrument called a diathemnnineter (which sec), was employed The following arc 
sonic of the conclusions arrived at — “The solution of a metallic silt in water invaiiiblv ni- 
tre isos uhe tliomial resistance of the water Those elements which dissolve in the w itei with- 
out tuiL I ing the bulk of the water, can only mciease its thermal resistance by inctc i-iiig its 
( ipv it\ for beat, which must, in such eases, be Ihe sum of the capacities of the w itt 1 and 
tlciiitiili stpantely The thermal resistance of a solid sdt is gnatV than tint of watei , 

< onsttp’oiitly, whtreaH, in the majority of instances, water is displac id b;^he salt, the* inrioaseil 
Ksisliiii. 1- due to the partial substitution of a body of greatci icsistance ” lii the siieieed- 
iiig t hie, nuTiH iieal results are given , the ypeeijif thermal le^istancaii each siibstanec biiiig ob- 
{ lined by dividing its resistance by that of w^ater, winch possesses the least resistance of any 
Mibstam i on the list, peihapsthe least of all transparent liquids The t/icimdlirsistuurt m mdli- 
ii’ttiis, s'lows tho < cinected number of millimetics to vvluell tho column of liquid 111 the dia- 
llicniioHieter (a kind of air thermometer), was depressed 


Name of bubstouce. 


Thermal Resistance 
In Hilhiiivties 


Sponfic Thermal 
Resist nice 


^VatCl . . 

(lb CLiine 

Acetic Acid (glacial) 
Acetone 

t'xalate of Ethyl , 
Siiciiu Oil , 

Alcohol 

Acetate of Ethyl 
N itrobenzol 
Oxalate of Amyl 
Billy he Alcohol 
Acetate of Amyl 
Amylammo 
Aiiijlic Alcohol 
Oil of Turji^ntme 
Nitrate 0! Butyl 
Chloroform 


413 

1 00 

15 

384 

3463 

SjS 

35 »4 

851 

3656 

8S5 

36 

885 

37 53 

909 

37 53 

909 

40 Si 

9 80 

41 29 

1000 

41 29 

10 00 

41 29 

10 00 

41 S8 

10 14 

42 26 

1023 

4853 

II 75 

4901 

II 87 

49 98 

12 10 
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Kame of Su'bstance 


Thermal Uesistance Specific Thermal 

in MiUuuetiLS Keslstauce 


Bicblonde of Carbon • • • S 3 35 1292 

Mercury Amyl . . 53 35 1292 

Broimile of Kthylcn . . 54 34 13 *6 

. IikUiIu of Amyl . . 54^0 1327 

lodiile of Ethyl . . . 5 *^ (0 *4 20 (?) 

An experiment with mercury '^ave o 13 a*! the specific thermal resistance, but Professor 
Guthne gives this number svith great reserve, on account of various experimental difliculties At 
aU. events the resistance offered by mercury to the conduction of heat is far less than that of water 
3 Conduction of Heat hy Gaici Expenments on this subject are much needed, and are besot 
with numerous diltculties, the pimcipal being the fact that gases, as also hquids, are much in 
flucnced, when heated, hy an action termed Coniectimi (which see) Rumford did Bot allow 
that gasi s possess any conductive power for heat, while the lata Professor Magnus considered 
the conducting jiowcr of hydnigcn compatable to that of a metal This assertion, which ms 
been much disputed, was founded on various experiments, the principal being the following 
which illnstr itcs the great readiness with which hydrogen cools heated substances Professor 
INfaguns took a nairow tube, placed a platinum wire in its axis, and filled the tube with hjdro 
gen Now, although the wire was readily mamtamed at a red heat (by means of an electnc 
current), when the tube was vacuous, or full of aar, he found that the hydrogen prevented in- 
candescence ¥hu heat appeared to be so rapidly removed from the wire that it could not rise 
to redness, as if the hydrogen gas conducted heat from the wire He also heated a vessel of 
hydrogen, cnntaimiig cotton wool (to pri vent the formation of gaseous currents) from above, and 
found that the heat passed more rapidly downwarils through hydrogen than through air l^ro 
fessur Tyndall traces the results to convection, and considers the conductibility of gases an 
open question (See also Coniection ) 

GOISDUCTTON OP SOUN D See Propagation of Sound 

CONDUCTOR, ELECTRIC If a charged gold leaf electroscope bo touched viith a 
wire 01 metal rod m connection with the earth, it is at once seen to be discharged , but if it be 
touched with a rod of glass or a stick of shell lac dischai ge does not talco place The electricity 
IS able to pass away to the earth through the metal , wheieas the glass or shell-loc has not the 
power to effect this transference The phenomenon which wo have hero mentioned is called 
conduction , the metal is called a conductor of electricity, and the glass and shell lac are called 
non~tonductori or insulators (See also Blectriciti/ , Electrostatics ) 

Among bodies the/ddest difference exists with regard to their conducting power Some 
bodies at first sight (tnough on closet examination this tuins out not to be really the case) 
appeal to oifei no obstaclo to the passage of clcctiicity through them , some conduct it with 
dilticiilty , while through some it seems unable to pass at all Speaking in the first place of 
cicctiii ity of high tension, such as that which is piuduccd by the electric machine, the foUovviug 
hst may he given 


Conductors 

Seml-ConductoTB 

N on-Conductoia 

Metals 

Alcohol and ICthcr 

Dry oxides 

Gas Carbon 

Powdered glass 

, Ice at —25“ 0 . 

Graphite 

Elowcrs of sulphur. 

P.itty oils 

Acids 

Dry wood 

Caoutchouc 

Aqueous solutions. 

Water 

Vegetable substances. 
Animal substances. 
i 5 olubIe salts 

Linen 

Cotton. 

Ice at 0° C. 

Air and gases. 

Dry vapours. 

Silk 

Diamond. 

Glass 

Wax 

Sulxihur. 

Resin 

Amber. 

Shell lac. 

Parafhn 


In the first colnmn are placed the substances which conduct best, m the last the best insu- 
lators, while the bodies m the second column hold an intermediate position with regard to 
powei of conduction As we have said, however, no body is really a perfect conductor, none 
really permits the electi ty to pass without resistance, nor is there any perfect insulator, and 
there is no line where conductive power can be said to cease, and msulating power to begm. 
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When we come to consider the conduction of a current of electricity produced hy a gilvituc cell 
or battery, which is piesentcd m quantity, cimnnoui as compared with tliat obt unable fioiu the 
most powerful electric iiiachine, but which at the same time pohsesses but litth ten'^um or 
power to overcome resist incc, we notice fatill more miniito dillerciici in conductivity \\ e hnd 
that the metals which we have grouped togethci m the list above, diffei iwdcly frpm c wdi other 
J'lie numbers in the following table show this in it the conducting powcis aft compared with 
that of silver which is the beat conductor, and which, is taken as loo 

The conductivity of Silver being loo The conductivity of Silver being loo 


That of Oopper is 

77 4 

That of Flatimim is 105 

Gold 

552 

lie id 7 7 

Sodmm 

37 4 

German Silver 7 7 

Aluminium 

33 a 

Antimony 4 3 

Zinc 

274 

Mercury 1 6 

rotassium 

20 8 

Uismuth I 2 

Iron 

144 

Graphite 0069 

Till 

I14 



The numbers given above are tbe results of experiments by Mathiossen They aro taken at 
a temperature 32'' F (o“ C) The accurate determination of them is a matter of ''u it <li(htiilty, 
owing to the alteration produeeil by the presence even of i minute impniity iirthc niet il 'I'lie 
moleiiilar condition of the epcciTncn has also a very marked influence Thus, the dibit nice m 
conductivity between liaid liiawn silver wiie and the same annealed may amount to o\ei h iier 
<• lit of the whole , the leaistanec being increased, and therefore the condiiiting pow er ilinnn- 
isheil by hardening the wire For full uiformatiun on this subject, see tlit liepoiti of the 
('ouimiitec appointed by the Biitish Association for the Advancement of Siieiiee to coii'idoi 
till hfandaids of electrical lesistaiiCQ, which are published along with the other iipoits of tho 
AsMieiatiou fiom 1862 downwaids 

j 0 conductivity of metals is very much dimmishod by an increase of temperature, and lienco 
it 1-. ilways necessary to stvte the tcmpeiaturo at winch it has been deUimmed 111 tw ten 
J2'F (o'C )atul2i2'’F (lOo’C ) the dilTerence sometimes amounts to 35 jicr cent of the wliole 
I on hit mg pow^ci, and in a l.irgc number of metals and alloys is as much as fiom 20 to per 
Ctu*- i'i,i lesults of MattLiesseii on tins subject also aro given 111 the rejiorts above lefeiied to 

J'' 11 d.iy coiisiileis that the cliffereneo betwiom condiietors and non conductors is one only of 
degiei' Induction, he says, is a necessary preliminary to condnetinn ^'ondiiition mil nisul.i- 
tliin ippeir to consist in aii action of contiguous poititJc’s dejiriident on the fiun s cleveto] cd lu 
eliinu ij o'citiment , these forces lung the paitieles into a state of tension or poliiitv vvlnili 
loustitutes bi uh induction and insulation , and being in this stite tho contiguous jiutnks have 
I power or capability of eoiumuiiieating their forces one to the other, by wlut li tliey u c* lowered 
a 111 disihaige occurs ” This discharging of contiguous particles one into anutliei he bolds to be 
< undiir fiun 


(IlIADUCTOR, NFiO-ATIVE That part of an electric machine which is airaiiged to 
colli ct lu'gativ e electricity (Hue C'mir/urfor, Prime j JUeett tr Miuhme) 

f '( INI flJO'J'OlJ, PlilME or I’OSITIVE That part of an electric m leliiuc which collects the* 
positive eleetneity is called the Pumc conduetor, the part which collects negative eleetmity is 
ealled the A ri/rtfii’e conductor In the oiduiary plate electric miehinc, the prime (oudiictor 
is 111 msiil ited body of conducting material carrying a row of points close to which moves the 
glass jilato as it turns, and so charges the conductor I'he negative conductor is insuliteil 
and eoniittb il with the laibbcra, winch, becoming negatively dec tiihud, electrify it siiuilaily 
As is ex])l lined, however, ift our aitiele ujxm Jileitnc Maihuies, both of the coiiduetuis eaunut 
Ihj insiil ited at the same time (ISee also Electi ic Machine ) 

I'NJJl'll iAT' ON ( ( 7 c/ tc, frost , congelo, to freeze) The passage of lirpnds to the solid 
eoniiition is termed congelation It is applied moie particularly (as tlio name nnjioits) to 
substaiiees which, ordinarily existing in the litiuid condition, arc caused to congeal liy the 
api'lieati m of cold Thus we should speak of the conyUalton of water, but of tlie solidijiiation 
d molten iron , indeed, the latter term has almost entirely supplanted tho fomit 1, whether it 
be ajijjlieit to liquids such as mercury, which become solid at a very low tciiqierature, or to 
molten platinum which becomes solid at a very high temperature (See hohdijicatton ) 

REFRACTION {Conus, kuvov, a pomt , Sanscrit, o, to bung to a point) 
'rhilc considering the 'nature of biaxial ciystals, Sir William jI Hamilton anived at the 
unexpected concluoion that under certain circumstances there would not be t wo emergent rays, but 
a cone of rays diffused from, a point, manifesting themselves in the form of a lummous circle 
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This was a pure prediction from mathematical rcasonmg, for no phenomenon m the remotest 
degree akm to it had ever been noticed or anticipated The experimental verification was 
accomphshed by Prof Lloyd at Sir William’s request, who found that the prediction was m 
every way confirmed by facts For further particulars see Nichol’s Cyclopoidia of the Physical 
Sciences, articje Itefraction 

CONIINE •'•An intensely poisonous volatile alkaloid extracted from the hemlock {Corn am 
Maculatum ) Formula CyHjgN. When pure it is a rolourous limpid liquid boiling at 
163 5“C (safi^F) Specific gravitj o 87 The odour is pecuhar and repulsive, somewhat resembling 
tobacco , it is a strong base, and neutralises acids to foim salts. 

CONJUGATE FOCI (Conjuyo, con, together, and ;uyum, a yoke ) See Concave Mirror 
CONJUNCTION (Con, together, and jungo, to ]om ) In astronomy two planets are sanl 
to be m conjunction when they have the same longitude , when a planot is simply sanl to be iii, 
conjunction, it is to be understood that the planet is in conjunction with the sun 'J’he symbol 
expressing conjunction is 6 A planet whose orbit lies nearer the sun than the cai til’s orbit 
can be in conjunction m two wajs, viz — cither between the earth and the sun, or beyond the 
sun In the former case the planet is said to lie tn tnfctior conjunction, m the latter in anpennr 
conjunction As an aid to the memory m distmguishing the two it may be pointed out that 
only ail inferior planet can over be m inferior conjunction 

CONJ LINCTiVA A delicate mucous membrane which covers the mtenor of the eyelids 
and front portion of the eye (See hge ) 

CONNECTING HODS In the steam engine the iron baia which connect tho piston rotl 
with the wheels They are either attached diiectlj' to the spokes of tho wheels, or to cranks 
constructed on the axles between the wheels There is a joint at each end of a connecting rod, 
arranged so that while one end inaki s one complete stroke in a straight line back wauls and 
forwaids with the piston to which it is attached, the joint eomicctcd with the spoke or cTank 
makes a revolution round the axis of the crank, and so causes the crank or wheel itself to 
revolvo (Sco Engine ) 

CONSECUTIVE POINTS Oil POLES A name apphed to certain parts of an artificiil 
magnet at which a peculiar distiibiition of magnetic force is found An evenly m.agiietised 
bar may be looked iqion as being made up of a senes of elementary magnetic bars, all havmg 
their like polos pointing in tho same direction , and, in fact, this will bo found to bo tho casu 
if the bar be broken up, and each of the fragments cx.uninod The aggregate elfi ct of all these 
element iry m igncts is to give a bar, having at one end a strong north l>olc, and at tho other i 
strong south pole, tho intensity of the magnetic force giadually decreasing fiom each end to- 
wards the middle if the bar be not evenly magnetised at some place betueen tho two 

ends, time maybe found a senes of these c Icmentary magnets with their poles turned the 
opposite w ly to that of the elemeiit.uy jiortions of the iiia&s of the b.ir The couficqiiuicc nt 
this IS Hut, at the extremities of this senes, there are found distinct poles, instead of the cieu 
dihtriliutiou from end to end, and if the bar be broken at these points, it avill he found that at 
one plat 0 two nortli poles come together, and at the other two south poles These places ot 
distiirlicil ilistiibution are called con setutiie poles m (lOvnU 

CONSlltJUENT POINTS Srnie as Conseeutiic jxnnts or poles, (qv ) 

COMSEKVA’l’lON OF ENEKGY This pnnciple applies either to a machine nr body 
left to itself, or to the universe as a whole, and asserts that the sum of the different kinds of 
eiicigy 111 the body, and tlie total amount of energy m the universe, remains aluays the same 
'J’hc foundation of this principle was laid by Newton in his Comments on the Thud Law of 
IMotioii , but recent discoveries h.ave raised it to the position of the grandest of known physical 
1 iws The statement of Newton may he thus translated — “ When energy is expemied on any 
system of bodies, it has its equivalent m work done agamst friction, molecular forces, or gravity, 
if till re be no acceleration , but if there lx, acceleration, part of tho fenergy expended is sjient in 
overc oiiiiiig the resistance due to the acceleration, and the additional kinetic energy developed 
IS equivalent to the work so spent ” 

When part of the work is done against molecular forces, as in bending a spring, or, against 
the force of giavity, as in lifting a weight, the recoil of tho spnpg and tlie fall of the weight aic 
cap.al>le at any time of reproducing the energy originally expended The kinetic energy becomes 
potential Hut in Newton’s day it was supposed that the energy spent in overcoming fnction 
was absolutely lost , but Joule’s investigations have proved that, m all such cases, a quantity of 
lieat IS genei ated which is on exact and definite equivalent for the kinetic energy lost More 
over, ill every case in which energy is devoiojicd, it can be accounted for by the disappearance 
of an equal .amount elsewhere. Hence it is concluded that if a part of the universe could be so 
isolated that it could neither receive energy from, nor give energy to, the parts of space exter- 
nal to it, then its total amount of energy would remam unchanged Further, if we consider 
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the motions of the molecules of matter which constitute hjjht, heat, iiiajjnctism, .iiul cltctncity, 
and the action of the forces due to chemical activity, os iicll as the motions and forces of which 

wc arc cognisant by direct observation, then we may state the law in its most iinivcisal fnim 

namely, that the total amount of energy in the universe is the same at all tunes (Kcc also 
Eiiaijif, and Ti amnmtntwn of Eneigy ^ 

CONSTANT OF ABERRATION See Abn > ation of the Celestial Eodiet^ ' 

CONSTELLATION ( 6 ’ore, togetliei, and stclla, a star ) At a very caily epoch astronomers 
seem to have recognised the necessity of assigning names to well iiuiked star gioups By asso- 
ciating these groui^s with the hgures of men and animals to winch tliey Loic a more or less 
fanciful resemblance, the astiouorner was able to refer leadily to any delinito legion of tho 
heavens ' Such an arrangement was especially useful when the path of a planet or comet wag 
to be traced or rccoi ded 

It ocems impossible to determine the real origin of tho ancient constellations Undoubtedly 
those from whom we have received our accounts of the matter were not possessed of e\ let in- 
foniiation on the subject , and tho ancient zodiacs which have been discovered in Eu'i pt, As- 
syna, and Inuia, are too discordant to be readily interpreted The researches of Bi\ int ami 
others throw some light on the mythological relations which form the basis of the distiibution 
of the stirs into constellations, but Itive us altogether m the daik as to the epoch at which 
that distribution was effected, and is to the particular region of the heavens which e leli eonstel- 
lition covered The subject is not indeed so trivial ni its relation to astronnm> as might bo 
iin igi lied at a first view If we could aseertam that a given group of stais exhibited it some 
far ofi ejioch a real resembl inee to the figuie of bird, beast, or fish, wherc'as in lecent times no 
such rescmblaiiee has existed, we should Ixs led to the conclusion that over vast legions of 
eelt^tl il spice there aio m progress changes of mconcsivabie importance Wo le iin that mdi- 
\iilu j1 orbs have lost theu- lustre or grown biightei even ihutiig tho past few ceiituiics Weie 
we (pute sure of the real distribution of the stais into constellations m earlier ages, we might 
form eou' lusions of a similai nature with respect to whole systems of stars 

W'Uen we consider tho figures actually described by Aratus, and evaniinc the legions of tho 
he eiis to winch those figun's are rcfeired by him and others, we are impiessud with the con- 
vielmn thitno resemblance whatever exists between the star groups and the eieatnros with 
which they are associated It ni ly bo woilh while, however, to inquiie whether the jiimeiple 
on wli ell tlie ancient astronomeis proceeded might not have been wholly dilTi lent fioiii that 
ulopttd by J.udoxus, Aiatus, or I’toleiny The aiuicnt astronomei-s may not hive tliouglit it 
by luv means necessary that each constellation should be ludiiiendent of |he lest Whrie they 
ri Cl ^11 ced tiic hguie of any object in a star-group, they might deseiibcllthe group by that name, 
withmiL regaidiiig the circumstance that a portion, or even the whole W that group, lieliuigcd 
to Eoine oti'cr 'jonstellation already lecognised Pieeiscly as the luodeni ostionouier spc.iks of 
a ce lam p 11 e of the constellation Leo as tho Siekle, so the ancients might Hjieak of thi' Ciowii 
even tliongh they legal ded tlie stars forming that constullatiou as belonging to the uplifted 
aim of Bootes 

Freeing ourselves from the considerations mtroduced by Ptolemy and others, it becomes pos- 
sible to trace in the star-groups a real resemblance to many of the obji ets with which tho 
fathers of the science of astronomy have associated them 'I’he figure of a lion can readily be 
traced, for example, in the stars forming the modem constellations, Leo Coma Berenices, Sex- 
tans, Leo Minoi, tho northern claw of Cancer, and the head of Hydra, Again, even Cancer, 
tile least conspicuous of the ancient constellations, is accounted for when vve iccognise the crab’s 
floutliciii claw 111 the head of Hydra The poop of Argo can he recognised if the stars, forming 
the hind quarters of Cams Major be accejited as forming part of the ancient constellation 

In this way a largo part of the perplexity m which the subji et of the constellations has 
hitherto been shrouded seems to be removed If we accepted the principle here a<lv oe ited, vve 
shoiilil find a natural mterpretation of the ancient constellations m the simple fact, that tho 
mi igiiiative nunds of the ancient astronomcra found a real resemblance between ctrtam star- 
groupv and certain objects, and we might then safely reject all those fanciful methods by which 
Hupuu vnd others have endeavoured to interpret the ancient constellations 

ho f ir as modern astronomy is concerned, the subject of tho constellations ls an unsatisfactory 
one It seems impossible to free our star-maps and globes from the pieposteious figures by 
which they are encumbered , and it has been indeed only of late years th it astronomers have 
succeeded iii checking the absurd practice of forming new constellations m which many modern 
map makers have indulged All that is at present to be hoped for is that by the gradmil elimi- 
nation of the smaller tonstellations still m vogue, simphcity may be restored to our globes and 
niaps of tho heavens But the only arrangement which would be rerlly worthy of modem 
^eiice, Would be one according to which the heavens should be divided in a uniform manner. 
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founclcd on the existence on the cc]estiq|l vault of a well-maikcd natural great circle, that, 
namely, nhnut which the Milky Way pursues its course 

The following list of coiistell itions luchides nearly all those which have been oven temporarily 
adopted To distinguish those in present ns>e from the rest, the former are printed in lloman, 
the latter m italic letters — 

* • *' CoNsrtLLATioxs or Ptolfiiy 


Northern 

1 XTrsa Minor, the-Lesser Bear 

2 Ursa M ijoi, the (Jrcater Bear 

3 Draco, the Dragon 

4 Oepheus 

5 Bootes, the Herdsman 

6 Corona Borealis, the Northern Crown 

7 Hercules 

8 Dyra, the Lyre 

9 Cl j gnus, the tiwan. 

10 Ca^sj.ipeia 

11 BelsouS 

12 Amiga 

13 Ophiuchua or Sorpentanus, the Serpeut- 

bearei ^ 

14 Sorjieiis, the Scqient 
115 Sigittx, the Ariow 

16 De'l(ihinus, the Dolphin 

17 3 ‘hiuulcus, the 1 ittlo Horse 

18 I’eg.vsus, the Winged lloise 

19 Andronii d ■/ 

20 Tninguluui Borealo, tie Northern Tii- 

an^le 

Zodiacal, 

21 Aries, the B 1111 

22 Taurus, the Bull 


Aatinous. 


Northern 

Jlfon^ Ifniiidis, till 'Mountain M« ii.ihi-' 
Canes \ ( natn 1 (the Grey hounds, Asteiion 
and ( 'Lara ) 

Cl J hi } 113 

Tj leerta, the Tnzard 
Lynx, the liirix 

Sciitiuii Sobuahii, the Shield of Sobiesla 


23 Gemini, the Twins 
Bear 24 C.iiieer, the Ciab 

■ Bear 25 lico, the laon 

26 Virgo, the Viigin 

27 Libra, the Sc.des 

2S Scorpio, the Seorpion. 

■them Crown 29 H igittanus, the Archer 

30 Gainieornus, the Sea goat. 

31 A<|iianus, the Water-beaicr. 

32 I’lseoa, the I’lshes 

Southern. 

33 Cctus, the Whale 

34 Oiion 

IS, the Serpent- 3^5 liiidanus, the Bivcr Ernlanus 

36 Lepiis, the Hare 

37 tlauis M.ijor, the Greater Dig 

38 C mis M iiior, the Lesser Dog 

39 Ai!,o, the Ship Argo 

rso 40 llydi 1, the Watei Sei pent 

use 41 ( ') itei, the ( 'up 

47 (’oivus, the Glow 

- Northern Tii- 43 CViitaunis, the Centaur 

44 Lupus, the Wolf 

45 Ai i, the Altir 

4(1 C'oiona Au-tiahs, the Southern Ciown 
47 I’lseis Aubtialis, the Southern i'lili 

Addfti b\ Ticho Bnaiir 

I 2 Coma Bciemccs, the Tlair of Berenice 
Audi d i>i Hi veiii s 

7 Sextans Lfrann*, I’yclm’s Scvtaiit 

mtain M« nail,-' 8 7 'i laiif/uliiiii ilia Lcssei Tiimg'e 

hounds, Abteiion 9 Camehop udahs, die Giialle 

10 Vuliiecnia et Ansui, the J’’ox ami Goose 

1 1 Leo Minor, the Lesser Lion 

Southern 

12 Monocerns, the UniLom 

leld of Sobiesla 13 Sextans Ui am e, Tyeho’s Sextant 

Bviui's Sourijinv Covsin.LATiONS 

8 Dorado the Sword fish 

9 Biscis Volans, the Flying-fish 
10 Chamaeleon, the Ch iinteleon 

ica) 1 1 Triangulum Aus'trale, tho Southern Til- 

anglc 

nrd Toncan 12 Apus, the Bird of Paradise. 


Indus, the Tud an 8 Dorado the f 

Cl us, the Crane g Ihscis Volans 

I’hanix, the I’lioenix 10 Chamaeleon, I 

the I’oe (now Miisca) II Triangulum i 

l*a\o, the Peacock angle 

Tone in, the Amencan bird Toncan 12 Apus, the Bii 

llydius, the Water snake 

LacAILI,E’s SoUTnCBN Co^STFLLATrONS 


Aiiparatus Sculptons, tho Sculptor’s 
woiksliop 

Porn IX ( ‘heinica, the Chemical Furnace 
Horologium, the Clock 
Beliculiuii Bhombuidalc, the Bhomhoi- 
dal Net 

(hvla Seuljitons, the Graving Tools 
Bipuis Pictonus, the P. liter’s EoscL 


7 Ptx\3 Nautuu, the Compass 

8 Autlia Pneumatic i, the gkir-pump. 
Q Octaus, tho Octant 

10 Noma, the Sipiare-rule 

1 1 Circiniis, the Compasses 

12 Telebcopiiim, the 'J^lescopc 

13 IMlcroscopmm, the Alicniscope 

14 Mens Muusis, the Table Mountain 
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IlOTPTl S SOUTHEHS CONSTLLLATIOVS 


1 Gru^ Australw, the Southern Crown 

2 Columba Noachi, Nnah’B Dove 

3 A tibts Majot , the Greater Cloud 

To these may be added contributions by 
eluding — 

1 Ttirmvius, the Reindeer 

2 SolUat lUS, the Hermit 

3 Taui us Pomatou sLi i, PoniatowsLi’s Bull 

4 PsuUaiviii Gcoi ffinuiiin,, George's Ilarp 

5 JJnnotes trcdciiti, the Honours of 

Ficderic 

6 pif tun Bi andenhurr/iciiM, the Sceptre 
of Biaudeiibuig 


4 Nubts Minor, the Lesser Cloud 

5 Plcui-de Us, the Lily of France 

Bode, Le Monnier, Poczeibut, aijd others, in- 

7 Felis, the Cat 

8 Lockiam, Funis, the Loghne 

9 Quadnins Alutalis, the Mural Quailrant 

10 Alachiiui ElcUtiui, the Elcctncal Ala- 
chmc 

11 Offliina Tijpoijiaphvca, the Punting 
Press 

12 (Slobus Aci ostaticiia, the Balloon 


It is dilRcult to understand what purpose the inventors of the constcll itnms m the last list 
can have had in viow in dousing such alisurditica The same tcniaik apiihcs, unfiiitiinately, 
to many of the constellations still in use, especially to those invented by Hi velins and L leaillo 
It IS a pity that the whims or the conceit of two oi thiee astronomirs should be siilleied to 
di'-Figure oui star maps, and that, ajipaicntly, there shoultl be little hope of a change loi the 
better • 

1 laiicis Bally did good service in chminiting a few astensms, and adopting for some of those 
he let lined a more convenient nomc nebiture The following list of these cli luges is nccess iry 
til complete our account of the constellalioiia — 


Conia Beieniccs, is written Coma 


\iilpfeu'ii et Ansci 
Aiipiisti. Sculptoiis 
< 'i ' « fjeulptoiis, 
l^ipius J'let. lias, 
Pixels \ olaiis, 


P u/pccnla 
Siutntui 

Cdluin 
Pic lot 
YolaiiS 


Koticuluin Rhomboidalt,i8 wutten7?itieM?u3)i 
Fornax Chcmieii, n Foinax 

Antlia Pncuinatiea, u An tint 

Mona jMensa, u il/diiri 

Cl ux Australis, h Cii'i 


lie di 'ides tho constQj.]ttiou Argo, which la inconveniently large, into tho four portions — 

Malus, the !Mcist, * Canna, the Keel, 

Vela, the Bails, Piippis, the Bfer^ 

retauiiiig the name Argo m tho case of all stms wdiich hive had Greek 'Otters assigned them, 
and noil ■■ italics and Roman cspitils foi stais, belonging to tin suli divisions 

Ye* tiulmi fl Higes of this soit might be adopteil with .vdvantago It is important that tho 
name of ereh constellation should bo as shoit as possible, beimise the arrangement of the stn 
gnnijis is intoifeicd with when a long word has to be printed inioiig the stars Thcie seeiiis 
iiu 11 ison vvliy the following changes should not be accepted — 


^01 

Coiona Borealis, 

Corona 

For Leo Mmor, 

Leona 

fl 

Corona Australis, 

Corolla. 

II Vnlpeuula, 

Viilpcs 

(1 

Ilr^a Mvjor, 

Ursa 

n Lcpiuleus, 

PlplttS 

II 

UieilMiilol, , 

A/inor 

II Deljihinus, 

JJcloliin 

rr 

Cams jSr ijor, , 

Cants 

II Camclcopardalis, 

Camrlus 

II 

Cani‘. Minor, . 

JtcUs 

II Monocuves, 

C'ti Oils 


The constcll ition Sagitta seems also unworthy of the place it has in our maps 
L iidei the titles of the prmcipal eoiistellations will be found reiiiaiks on then cliief eliaracter- 
I sties 

COXTAO'J' (ContactM, a touching ) A tenn used in doscnlnug an ctlipsc of the snn or 
inoijii, or a tiausit of an inferior planet It is used to iiidieati'' the moment when the two 
limbs of the mil and moon ]ust touch either intenoily or exteiiorly in a solar eclijise, or when 
tbi outline of the earth’s umbra or ponumbia just touches the moon’s limb, in «i Ininii eclipse , 
01 l.isllj,, when tho hmb of Venus or Mcrcuiy just touches the sun's, cither extcnoily or 
luti iioily, when a transit of either planet is in progress 
CG X r A( 1 r ACTION (See Catalysis ) 

COXTIxUITY, law of The principle that nothing passes from one sUte to another 
nitliiiiit jiassing through all iiitcrmediate states From this law, for mst.iiici , if it be known 
th it at two instants of time a body had a temperature of 20°, and at anothei a temperature of 
40 , then there must haie been an instant betweiili these, at which tho leinpeiature was 30°, 
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If a "body, at two different tunes, had velocities of 12 feet and 20 feet per second, respcctivtly^ 
Wo may conclude, from the law of continuity, that hetwteii these times it hud all leloeitiLs 
between 12 feet and 20 feet The principle is of considerable use in mvcstig'ations on motiou 
and physical change , it was distinctly laid down by Gahleo, who oscTibed it to I’lato , but 
Leibnitz was the first to apply it extensively to test physical theories lie established its truth 
by the hiethod rcjuctio ad absurdum If a change were to happen without the lapse of time, 
the thing changed must be m two different conditions at the same instant, which is obviously 
impobsiljlo • 

CONTINUITY OF LIQUID AND GASEOUS STATES OF MATTER. Sec Matter, 
Conttnady of Liijvid and Gaseous States of 

CONVECTION, DISCHARGE BY When an electrified insulated body is surrounded by 
a gas, the molecules of the gas cumiiig in contact with it become charged, and then repelled, 
and thus carry away, by degrees, the electncity of the body This is called diachatijc ly 
convection- (See also Diirluinje ) 

CONVECTION OF HEAT (Conteho, to carry up ) When a liquid is heated from aboio 
the temiicraturc of the mass rises with extreme slowness, because liquids possess but little con- 
ducting power for heat , thus water may be boiled above icc, altbougb separated from it by a very 
tbin btralum of w itcr But if the liquid be heated from below, and the ice be at tho suiface, a 
Very diffcient effect is obseived , the ice melts quickly, and the whole mass of witci is boon 
raised to the temperature of ebuUition If amber dust or saw dust is diffused through a liquid 
which is being ^jeated from below, we notice at once that currents of lupiid ascend from the 
bottom to the toji of the vessel, and the liquid ac(|Uires a uniform temperature This tian- 
sport of beat by masses of matter is known as conuction The layers of a liquid 01 gas which 
are iicaicst to the source of heat are cvxiandcd, and thus become specihc^ly lightci than 
surrounding portions, consequently they rise , whilo colder, and consequently heavier, portions 
descend, aie heated m their turn, and then ascend to inako way for other colder iioiticms. 
Thus, however badly a liquid or gas may conduct heat, it tan rapidly acipiire a. umfoini 
teiiqKratmeby the convection of heat Now it is evident that the more expansible a body 
may Iks, the gie iter is its convective jiow'er, for the greater is the difference bctvvcem the weight 
of equal bulks of cold and hot poi tions of it, consequently the movement of heated m^isscs talvcs 
place with nioio f uihty and rapidity Ileiico convection takes place m gases far more readily 
than 111 fluids, beeiuso for equal mcrcinents of heat they expand to a gn^ater extint than 
bquids It 13 obvious that convection cannot take place 111 solids, for inobihty of jurlnles is 
necessary before any disiil.icement of masses can ensue , it also icsults that, other things being 
eixual, convection tiiy place mure readily in mobile than 111 viscid Inxuids , thus in glyeeinie 
ortreaile the dillusiie- of heat through the mass would take place far moic slowly th 111 in 
water 01 alcohol The disjilaeemcnt of the lighter waim la^eis of a liquid or gas, by heavier 
onJ colder ki>eis, is due to gravity Dr Balfour Stewart has well remaiked, ‘‘ Weie there no 
gravity tlieie would be no convection , indeed, the veiy temi spicijiinlly heavier has a refereiieu 
to gravity so that if this force did not exist it would be a matter of no consequence what pait 
of a vessel of w iter we heated, the effect of the heating would be always the same ” 

In iiatuiv. uc have many uotablo examples of the convection of beat, and some of these arc 
on a gigantic scale , we need do no more than refer to the trade-winds, and various great oce in 
currents lu exeiiixdihcation of this The gradual cooling of a mass of water, until it Inis att.iined 
its m.iMnmni density (sec Maximum JJensity of Watet), is another example of convectniii 
(See .also lib /I (/i. Climate) 

CON VJ'IRGING RAYS are ttiosc which, proccedmg from several points, meet together m 
one iioint, winch is called the focus or focal point 

CONVEX JjENS, DOUBLE A lens formed of two spherical surfaces, each curved 
outwaids All equally convex lens has the radu of its two surfaces equal, an unequally convex 
lens h IS them unequal Convex lenses converge parallel rays of light to a focus 

CONVEX MIRROR {Conicxas, conieho, con, together , and veho, to carry ) A reflect- 
mg sm face of a convex form It renders parallel rays falling upon it divergent, seeming to 
raiii ite from a point behind it called the virtual focus This point is about ono-half the railius 
of convexity behind tho mirror Images reflected from convex mirrors appear much smaller 
than then real size, and more distant (See Minor ) 

COOLING, VELOCITY OF If we pass from the warm outside air of a summer day 
mto an lec house or cold vault we find ourselves ehilled, because, m accordance with Prevost s 
theory of cxchoDges, (which see), our bodies part with more heat than they receive when 
Buirouiided by objects possessing a lower temperature than their own « It is a case of uiicom- 
peiis.ited radirtion, and -Jlie velocity of coolmg increases, as the difference of temperature 
between the siurouuding medium and the coolmg bodies is greater. The fiist complete au<l 
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accurate cxpcninent^ on the cooling of Loehcs were made liy Dulong and Petit, and were com- 
municated to, and crowned by, tbe AcatiUmie dta Sciences m 1818 The inndL of expi 1 ni< nt ^va^ 
to enclose a very large tlieniiometer, the mercury m winch possessed a known tLinpi i itmc in 
a hollow sphere of copper blackened inside, in such a manner that the ccntie or tlit bulb 
, f the thermometer and of the copper sphere coincided By placing the sphere 111 \\ ati i of 
different teiniier* turcs, a uniform tom peratuie could obviously he establi-.hci.L within it The 
tcmpenituie of the mercury in the thermometer was higher than that of the sphcic, .iiid the 
velocity of cooling was mdicatcd by the numlier of degrees through which the meicuiy fell in 
one minute of time 

The following results, as stated by Pouillct, were obtained by Dulong and Petit 1)_\ this 
method of expenmeiitmg The copper sphere was 30 centimetres (ii 78 inches) diinutt i, iiid 
the thermometer contained between 2 «uid 3 lbs of meiciiiy, and was provided with i long and 
accurately graduated stem 

VELOcin OP Cooling 


Fxtosa of temperature 
of the theimunictcr 

Temperatures of the enclosure 

o®C 

20® c 

40® c 

Co® 0 

So°C 

240® C 

10 69 

12 40 

It 35 


• 

220 

8 8f 

10 41 

11 tjS 



soo 

7 40 

8 53 

lo or 

11 6^. 

I? 15 

18a 

6 10 

704 

8 '>0 

9 55 

II 1)5 

160 

4 89 

5 67 

OCr 

7 68 

8 95 

140 

3 83 

4 57 

5 ii 

C t) 

7 

120 

3 03 

3 36 

4 '5 

4 S4 

sfn 

ICO 

2 30 

a 

3 

3 68 

4 

80 

I 74 

I gp 


i / ) 

5 ‘8 

60 


X 40 

1 03 

I 88 

2 17 


l'’i om tliCfcC results the following law was deduced — The velocity of cooling in a vacuum 
iiirii ast 1 m geometrical progression if the temperature of the enclobiue increases lu ai itlinn tn d 
pic'iesu.’-, foi the tame excess of tempeiature 
'i’lic hIjovc table shows us that the velocity of cooling mci easts with the tenipcratuie of the 
(tkIcmhij, when the excess of temperature of the coolmg body is const.iM thus a thcinKUintei 
at 200’ tj cools faster in an enclosure possessing a tcmper.atnre of loo'’^' than a tlu nnoiiKtei 
at 100 (j in an enclosure possessing a temper iture of o" C , the excess of tcinpciatiiie of the 
tliLMiiunietei ibove the enclosure being in both eases the same 

COPPllMICAN SYSTEM The system by which Copcmicns explained the apparent 
motions of the idanets According to this system the sun otcu])ic's the centre of the system, 
and all the planets travel around him, those neaicr to liim tiavelling more swiftly tliin tliosc 
farther from him Copernicus was uuablc to pronoiineo duhuitcly as to the hguio of the 
pluietary oibits Ho saw that they were not circles having the sun as centre, and he was dis 
posed to adopt some of the Ptolemaic contrivances of ciin jclcs ami ecccntiics to aecoiint for 
the observed peculiarities of planetary motion (See Acjilcuait Si/stem) 'I'lie gicat inn it of 
hi>s)8tim consists) not in any extreme simplicity of the motions he ascribed to the planets, 
but in the ordirly arrangement of the planetary scheme in subordination to the sun as the 01 b 
around vvlnoli all the mam motions weie performed In the Ptokmnit, hijslnii (71 ) it was 
necessary to conceive first of the motion of imaginary points aioiuid the oaith, iiid tlu 11 of 
equally extn*Bivc motions of the planets around these moving points It need li.iiilly be added 
that in explaining the apparent motions of the planets, their advances, stations, iiid iitro- 
gicssions, as dne to real motions about the sun as centre, Copemiciis at the h.imc time taught 
teat the diurnal motioif of the heavens is only apparent, and duo to a real motion of the caith 
upon her axis 

Copper An elementary metolhc substance known to tbe ancients , its Latin name, 
t'Uprttin, IS derived from Cypnum, as the Romans first obtained it from tlic Island of Cyinus, 
and called it Ci/prium, (Cypnan brass) , this was soon contracted to Cuprum From this 
uord the symbol Cu is obtained. Atomic weight, 635 Specific gravity between 891 and 
° 95 Specific heat, o 09515 between o® and 100° C (32° and 212“ F ) Melting point 
wtween that of gold iftid silver, being somewhere about 2300° F It expands on solidify mg 
ext to silver it is the best conductor of electncity, being in the pure st"te 93 oS, while silver 
joo It 18 very hard, elastic, and tough , possesses great moUeability and ductility , and it 
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crystallises in the regular system, forming cnhes, octahedrons, and rhombic dodecahedrons It 
occurs native in many parts of the woild, the principal deposits being on the coast of L.vlvc 
Superior, one mass having been found there -weighing 500 tons The princijial ores of cop]ii'r| 
besides the native metal, are the suljJadeH of copjxt, eitlier alone or in combmation with other 
inetals,^Buch as coppt'jiffZnncf (I'ujS) , eopj>e> (CuS) , copper pyntca (CujS, FcgSi) , lanr 
gated coppei ote.{z CUjS, Fei,Sj) , J\t/d otes containing vanable adinivtures of sniiibidcs of copjier, 
iron, 7inc, silver, mercury, aiitimonv, and arsenic , E}iargite, containing sulphides of copper and 
arsenic oxidised loppef ores, such la red copper (CujO) and black oxide of copper , and enp-pa 
salti, such as malachite (which is carbonate of copper), silicate of copper, dioptasc, chloride of 
copjjcr, atacamite, iihosphate of copper, and arsemate of copper Copper is eirtracted com- 
niorcially from all these ores , it is also found in mmute quantities in most soils, in sea weed, 
in many vegetable products, and in the animal botly Copper smeltmp is not a complicated 
operation when ores aie used uhich do not contain sulphur, reduction readily taking place it a 
high temiierature in the presence of charcoal, and a suitable sihcioiis flux. When, howevci, 
Bulphm is present, a more complicated operation has to be adopted, the object being to remove 
the non and other metals m the form of silicate in the slag, and concentrate the co[)pcr into a 
fusible sulphide After tins operation has been repeated two pr three times, a regulus of 
almost pure sulphide of cojiper is obtained This is roasted with free access of air, when most 
of the sulphur passes off as sulphurous acid, and the copper oxidises At a certain stage of the 
piocess the remaining sulphide of copper and oxide of copper icaet upon each othei, fonning 
sulphuroiiB acid,*und metallic copper in .ai impure state, known is coarse copper, blister eoppei, 
and black copper This metal is then submitted to refining, which is effi'cteil principally by 
exposing it in a melted state to the action of air and a higldy silicious slag, until the iinpiiritics 
h iv c passed into the slag In this state the copper is what is technically called dn), contaiiniig 
oxide of copper dissolved 111 it I'o remove this, charcoal or anthracite is thrown upon the 
melted siulAcc, and the metal is then stirred up xvith a green wooden pole Violent com- 
motion tikes ji] ite, and the oxide w reduced to the metallic state If this poling is not 
c.viiicd on sidlicienily long the copper is -termed wndrnjo/cd, whilst if it goes on too long it 
becomes wcijiohd, and caibon gets into the copper, the remedy for this is to allow the lu to 
act upon the suifvco foi a short time JJniing these operations the '•ineltor removes s imjilea 
from tune to tunc, and tests them by hanimeiuig As soon as the metal is of tough piltJi, it is 
lidhd into moulds t'opper is sometimes ixtiacti’d m the wot w.ay fiom drainage waters ot 
mirus and ollui solutions cent lining this mctil, it is prccijntated by inetalho iron, and the 
rLsiiUiiig sjiongy copper molted 'iiid ic'fined tlyppoi tarnishes slightly 111 the air , its pimcg) il 
solvent IS iiitiie ii(id/dneh .ittacks it violently'-, forming mtiate of copper, it unites v.ith 
cldoinie It the ordiiiaiV teniiicrituro, forming t blonde of copiier, and at a high tcmpciatiiie vvth 
bioiiiiiu’, lodiiio, and sulplnii, and ino-.t of the metals Foi a dcscnptiou of the ‘■alts of copiiLi 
see undi 1 the headings of the respective acids aud for the puneipal alloys of coppei sro Alluiii 

('oj)pei foiins two oxides, the pioiocidr (UuO), and the sub oxule (C'ii/>) The prot- 
oxide IS fiiiiml native m clark steel gray crystals, possessing a specific giavity of 59 It is jne- 
p.aied irtiliti illy by heating coppci iri contact with air, or by igniting the sulphate, caifionato, 
or iiiti ite of copper It is alio picpared in the wet way by adiluig cauitte potash to i hot 
solution of a eiipiic salt , thus formed, it is a black powder which melts at a red heat The 
suboside of coiipei occurs native in led ti inslucent crystals, having a specific gravity of 5 8 , 
pupaieil utihcially it forms a beautiful cumson powder Roth these oxides are easily rodiici d 
to tliu metallic state by heating with reducing agents Proto chlonUe of coppa' is brown 111 tho 
aidi-ydioiis state, and gieen when hyihated, it is very soluble in water, formmg a beautiful 
tinci lid giecii solution when conccntiatud, but pale blue when dilute There arc several 
suliiJialis of cnppei , the principal being the pioto-nln/itde and the di sulphide, coriesponding in 
coiii|osition to the two oxulcs They aie both found native, and ate worked as copper ores , 
the proto siilpliule IS often formed lu analytical operations , in the process of separating copper 
fioiu other metals, it is thro-wn do-wn os a daik brown precipitate, insoluble m water and cold 
atids 

CorrER PYRITES See Copver. 

COl’PKUAS Sec Sidf latcs, iron. 

COR CAllOLI (Charles’s Heart ) The star a of tho constellation Canes Venatici, or 
Oatiil i 

('OR HYDRA (Tho Heart of tho Sea Snake ) The star a of the constellation Hydra It 
is vlso called Aljihard, or tho Solitary One 

COR LEOIv IS (Tho IjIoii’b Heart ) The star a of the constellatioh Leo It is also called 
Regulus 

CORNEA (Cornu, A hois.) Tho transparent homy membrane -which cotcib the front psrt 
ijf tho eye (See Eye) ^ 
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CORONA, SOLAR In astronomy this term la applied to the Rlory of liRht seen around the 
totally eclipsed sun This phenomenon has attiacted much attention, and many tin ones have 
been hazarded as to its real nature Halley was deposed to regard it as due to the c\i.tente of 
a lunar atmosphere, an idea which Newton rejected, and which has since been thoroughly dis- 
T)ro\ud We now know that if the moon has an atmosphere at all it is one of very siii<i]l evtent 
Dclislo and others havi' suggested that the phenomenon may he due to tho dillraction of the 
buu’s light m passing tangentially by the moon’s sphere Although this theory seems Hiiji]>ortLd 
by ci-periiL jntal tests, it has been shown by Sii David llreustcr to bd untenable, sinee any 
dilli iction ring thus occiosioned would necessaiily be too narrow to be visible fiom the oiith 
In lecciit times a theory has been jiut forwaid which ascribes the corona to tho glaiu of light m 
oui own atmosphere , but no evidence has been given to show how this glare can be piodueed, 
or that it would aceount for the special characteiistics of the coronal light The theoiy, in 
fact, \m 11 not beai examination 

Thcie remains only the conclusion that the corona is a true solar appemlnge, though of wli it 
nature has not yet been clearly shown From tho observations madi by ilr Loekyt i m tin 
bpectmin of the prommeiiees, that ingenious observer has been led to conclude that tlie c.iiouv 
cannot be a bolar atmospheio Dr FiauLlaiids observations of the si>eetriim of hydiogtri 
show that at the bottom of such an atmosphere the liydiogoii of the jiiominences coiihl not 
f 111 to guve a different sjiectrum than that seen hy Mr Loekyei It w mild appe ii ih ii there- 
foic that the particles forming the corona must be prevented fioiu pics'-nig towaids the sun liy 
tlieii own motions 'J'hus the conclusion is suggested that they are m reality sneiubcis of those 
mctcoiic systems whose perihelia must exist in countless tliousands ni the sun’s iieighljcmrhood, 
Rivciidell of Manchester has shown fiom metcoiologic il eoiisulciatiniis th.it there ]>io)i ilily 
exists round the huu an envelope of some hucli natuie Lovenin also h is shown tint the 
motio'is of Mercury indicate tho cvisteiiec of bodies (whose combmed mass must be cousidei abh ) 
tiavellirg witbm the orbit of Mercury 

t’ORONA AUSTRALIS (The Southern Ciown ) One of Ptolemy's southern coii'^hlla 
tioi The stars foniuiig this consteliatiou «irc chiefly romailcablo as defining pait of the liimts 
of ngiuii mil in stars, the region uuiacdi.itely beyond towards the north being singulaily 
baiicii, Bo fai at least as lucid stats are in question 

CORONA BOREALIS ('L'lie Northern Ciown ) One of Ptolemy’s northern constellations 
It wis </ifhin tins constellation that in May 1869 a star bla/ed suddenly forth, attuning it 
oiivi tlie hnll.ancy of a second ni.agiiitudo star This orb ap[)eaied ip the pi ice foniieily 
ocLUjmd by a star of the tenth magnitude, so as to suggest the coiielubioti that through some 
unki nva cause tills minute star li.ad suddenly been lifted uj) with new,^)1eniloui-s E\ unnied 
by ill Huggins with the spectroscope, the light of the new star told T sti.ange storj' 'J’heie 
wis the usual continuous speetiiim, but acioss this Bpeetnini thcio weie the bright hues 
c.itrc poiiJing ti> glowing hydiogeu, so as to justify the infeience tli.it there had been an 
outburbt of hydrogen fhmies over the surface of this distant orb Whether a sun had thus 
suddenly acquired a lustre exceeding several hundredfold its foimer biillianey may indeed 
be gravely questioned Far more piohably the new star was rehvtively iniuute. It is note- 
worthy that until the apjicarance of this temporary brilliant, all tho phenomena of tho same 
character had made then appearance on the borders of the Milky Way It w worth consideimg 
whcthci this exception should lead us to forget tho rulo which has charocteiised all other 
instances 

CORONA, SPECTRUM 01' THE During the total sol.ar eclipse of August 1S69, I’rof 
Young found that the corona, instead of showing a subdued solar bjici tium, yieldul a sjiectrum 
oE tliiec blight green Imcs From the close aecordanec between these coronal lines and three 
of the auror.il lines, ho considers that there is a relationship between tho corona and the auiora. 
(Set Sficrtrti jn j Autora Jiurenlm, S^iectrum of ) 

COIINIRII BOILER Sec tilecini-JJmtc] 

CORPUSCULAR THEORY OF LIGHT There are two theories of light— tho irndnlatonj 
nr \tt»utnty Theory, ami the Corpuscular or Emissue Tkem'ij Accoiding to the 1 itter, light 
consuils of an emanation of excessively minute particles of matter, jirojeeted fiom the sun and 
oth( 1 luminous sources with an enormous velocity This theory which was advocated by 
universally superseded by the undulatoiy theory (hee Uudulaloiy Theory of 

CORTjFLATION of electricity (See hhetr icily, Cmiclahou of) 

Correlation of the physical forces tlo jumeipie th.it any one of the 

various forms of physicwl force may be converted into one or mere of tho other forms The 
term is due to Mr Grove who thus explains the doctiiiie to which it was ajiplicd “The 
various aflectiona of matter which constitute the mam objects of experimental physics, namely, 
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beat, light, electricity, magnetism, chemical affinity, and motion, are all correlative, or haie a 
reciprocal dependence , that neither, taken abstractedly, can be said to be the essential cause 
of the others , but that either can produce or be convertible into any of the others Tims 
beat may mediately or immediately produce electncty, electricity may produce heat, and so of 
the rest,, each merging'itself as the force it produces becomes developed , and that tlio same 
must hold Tgoo'd. of other forces, it bemg an irresistible mference from observed plienomeni 
that a force cannot originate othmaise than by devolution from pre-existing force or forces ” 
It is now generally iVdmitted that the term “Transmutation” more accurately describes this 
relationship (See TtansniMtaUon of Energy ) 

CORllbCTION FOB C AFILL AlUTY See Bat ometcr 

COBROSIVE SUBLIMATE See Mercury, Chlorttks 

COR SCOliril , or. Cor Scorpionits The Sion pion’s Heart The star a of the Constellation 
Scorpio (See Scot jwo ) It is also called AatoJcS 

CORUNOLTM Pure alumina m the native crystalline state The sapphire, mby, oiiontil 
ametliyst, and oriental topaz, are called pretaous corundum, bemg crystallised alumina tinged 
with some colouring matter, whilst adamantine spai and emery arc called common corundum 
Its hiidiiG-s is next to that of the diamond, being nine on the stale , specific gravity about 
40 It is infusible before the blow-pipc, and insoluble in acids , it is somewhat buttle and 
Las a eimelioidal fracture The precious varieties are transparent, and the common vanety 
trsnsl lift lit or opaque 

CORV US ('Bie Crow ) One of Ptolemy’s Southern constellations It consists of a group 
of stars near Hydia, and is by some astronomers icgarded “is a portion of that constellation ’I'ho 
ligiiie of the gioiip somewhat resembles that of a ciow, but not in tlie attitude usually depleted 
dn maps and charts The head should bo near the st ir Eta, not near Alpha 

COS MIC AL (Koa/uK&s) A term used by ancient astronomers When a star rose at the 
same tunc as the sun, it was said to rise cosmtc'tl/y So the cosmic al setting of a Star signified 
tho coincidence of its hour of setting with that of the snn See Aoonycal, Uchacal 

COUI’LES (Copula, a link) Two equal paiallel forces acting on a body m o2iposito 
diiections foim what is known as a conpfc It is evident that s ’ch a combiii itiuii can only 
cause the body to rotate A railway turn-table supjilies an illustration If etpial foiecs bo 
npjilicd at eaeh extremity of the same diameter m opposite directions, the turn table is caused 
to rotitc about its centre, togetliei with the engine 01 carnage placed upon it , and it is ohvious 
that 111 suth a case no motion of translation could take place if the turn-table were fiee to move 
The iMrjnndiiular distance between the directions of the forces, iH called the as hi of the 
collide , aiij the pcrp^dicular to the plane of the couple it the middle point of the arm is 
Icriuoil the axis of thc'eonple Referring again to the turn-table, suppose equal foiics applud 
first at 1 eeitain distance from the centre, and then the same forces applied at double the 
distance , the ellect of the couiilc in the second case would be twice that in the first Now 
suppose tlie points of application to remam the same, but the intensity of the* foices to be 
doubled, the elfect of the couple will again be doubled , and if the forces are doubled, and also 
the dist ince of their points of application from the centre, the effoet of the couple is quadrujilcd 
This pioduct of the distance of the point of application by the intensity of the forces is called 
tlie moment of the couple, and, generally, the effect of the couple is measured by the moments 
of the foioes about the axis, and so long as the moment remains the same, no changi in the 
couple altcis its effect The chief laws of couples are, first, that if points be taken iithei in 
tlie aim of the couple, or without the couple but m its plane, the moment of the couple about 
nil siiili points remains constant, secondly, that two couples are equivalent to one anotlier 
when their moments are equal From these are deduced, os subsidiary laws, ( i ) A couple may 
be till lied in its own plane through any angle, at any point in its Q;rm, without altering its 
effect (for the moment about tbe axis is not thereby changed) , (2 ) A couple is not alteied by 
being moicd parallel to itself , (3 ) Two couples are equivalent if their moments aic equal and 
tlicy act in the same direction A couple cannot have a single force as its resultant, and 
consequently a single force can never counteract the effect of a couple But a iiumhti of 
couples may have a resuLant couple possessing the combined effect of all the couples If the 
couples act 111 the same plane or m parallel plaaes, their resultant is a couple, whoso moment H 
the sum of the moments of the couples , bat if they are in planes which intersect, the lesultaiit 
couple may be found by the parallelogiam of couples, a method analogous to the parallelogram 
of forces As a general fact, the laws of the composition and resolution of couples are siniil u 
to the coiiesponding laws of single forces, the axis of the couple correspondinsr to the direction 
of the foiie, and the inoxisnt of the couple to the magnitude of the furev: 

COUI’IjING- In machinery any contrivance for connectmg permanently or occasionally 
the diltcicnt moving parts of a machi le. The term is appked more particularly to the paitb 
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iitnin" the longitudinal coiuiectiona of tlie shafts (See Budianan’s Pi actual Essays on Mill 
Voih ) 

COURONNB DE TASSES See Crown of Cups 

CRAB A machine used by builders and others for raismg weighta It consists of a 
onzontal axle with a large toothed wheel usually turned by a winch And a small tootlied 
,'heel The rope or chain wound round the axle may bo made to pass in my direction, as 
01 instance ao as to raise weights vertically, by a suitable arrangement of pulleys 

CRANE A compound machine, used for raising heavy weights, and at the same time ro- 
101 mg them some distance from the place from which they were taken, as foi nist iiici for 
aiting goods from the hold of a ship and removing them to the quay The ciaiu' usually 
onsists of a wheel and axle fixed to a vertical shaft oi arbor, and a pulley attached to the end 
f .1 projecting arm The shaft rests on a pnot at the lower extremity, and is suiqiortcd in tlio 
iiiddlc by a metal ring let into a block of stone into which works a set of wheels called friction 
olltis The arm or jib is fixed to the upjier extremity of the shaft, usually at an angle of 
limit 45“ The weight or load is attached to a cliaui which passes over the pulley at the end 
f the Jill, and then round the axle On turning the ivinch the weight is raised as fai as 
tcessaiy, and the whole machine is then turned on the pivot until the weight is directly ovci 
he place at whu h it is to he deposited, where it is allowed gently to descend Steam ei mes 
le ninv m common use 


CRANK (Dutch, h imj, a circle ) An important contrivance m the piocess of coiivcitiiig 
rectdmeiir motion, as that of the piston in a steam engine, into a motion of roiPitmn It c on- 
ists ueualli of a double winch, hut hometiines is only si igle The j»art between tin two elbow 
nuts ifc termed the arm of the ciaiik The connecting rod which transmits the .llt^'nlte 
itmii due to the power is attached to the crank by a joint, and cor&eciucutly is iii ide to 
lavcr-e '■’lo urcumfeience of a circle of winch the arm is the radius, and so to jiroducu the 
( { i‘ion of f he axis The connecting lod has its greatest effect m turning the ei iidv .ihoiit its 
Ms >idy when it is at light angles to tho aims , and in every other position, a poitioii <jf its 
oil' spent 111 pulling the crank away from tho axle \Micn the connecting lod is in a 
tn.ght hue With tlio crank (which occurs twice m every revolution) it has no teiideiicy wint- 
\ei to tinn the crank and the axle These are called tho “dead points'’ of a mvebmo, and 
.eie it 1 )t for tho momentum acquired by tho heavy parts of tho machine, the inoti«)n would 
eiiO it ihose j; nuts As it is, the iiiutioii must be gicatly retaiilcd at the dead points, and 
(nil [11 iif’mglj' inrrcabed at the jioints of greatest action, it no othci method of eiju dismg tho 
iiilioa 10 available. Tho vanations of speed resulting from the alternating action of the 
istmi Kill .wo bi ought within vciy narrow limits by the use of tlic flv-whej|; (See /' 7 i/ rind ) 

( JI’i'LIlU (The Vi'p ) One of Ptolemy’s nurthcin constcll-itions rt is situated nc.ir 
‘ill 111 , and, like that constellation, is by some icgarded as a pait of tlii' consteUatioii Hydra. 
In stii Alph I Ciateiis has grtatly decreased in magnitude Biiieo Bayei's time 
f’RI.AM OF TARTAR Bee TaUancAud 

CTiIi'A'lTNE {speas, flesh) An organic base obtained from the jmee of flesh In tho 
iilrated condition it fonns clear prism.itic ciystals of the formula (JiIIiiNjOj IfjO, which 
issoKc in 14 6 parts of water at 64 F , and are veiy soluble in boiling watci Strong acids 
eineit ert itiiii into creatinine by absti action of the elements of water 
t'liJ'jATlNINK One of the normal constituents of mine Like urea it is supjiosedto bo a 
rmlict nf o\idat-on , its quantity is lucccased by amuial food (>Sco Cicatui, Animal 
\ all linn} ) 


t'RI'OSO'rE {Kplas, flesh, and to preserve) A highly anti'iptie liquid of a 

trnng jjcni ti liiiig odour and burning taste Specific gravity I 37 Bolling iioint, 20^“ 0 . 
i 97 h ) Foimula, Commerci.al creosote is ficqucntly impure cai Ijolic leid finm 

< il tjr, hut true creosote 13 a distinct body, and is obtained in the distdl.ition of wood by 
- ‘■Hint w liat complicated process It is laigely used as an antiseptic, and to prevent dieom- 
'"'ition Ilf unmal matter, and it is to this substance that wood- vinegar and wood smoke owe 
fieir jn t ..m ^ .itive properties 

f IIL'sYl.lC ALCOHOL An oily liquid extiacted from coal tar, homologous with jihi nylic 
*' 'll. Ill earbohe acid Most of the impure licpiid carbolic acid of commoue really i ousists of 
^c-yhe alciihol, and as such it is used m enormous qu.intities for antisejitie ami dismfeettng 
Pormula, CyH^O It is a colouiless stiongly refracting hiiunl, boihng at 203" C 
1’ ) slightly soluble 111 wati r, and miscible m all luiipei proportions with aliobolaiid ether 
hlil'l’KjAL POINT OF TEMPERATURE See Mattel, Vont niuty of Ltqiad and Oascous 

fetf/f S tif 0 ' 


t liONVIiAR (So called from tho end of the bar beiiig sli.arpened like a crow’s beak ) 
taight lev er of the first kind used by workmen to raise heavy weights, stones, Ac 
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fulcrum is the stone or block placed ah a short ch'jtanoe from the end to support tlie lover , the 
weight IB the stone to be lifted, and is placed at the end near the fulcium, the ijower is the 
maaual force applied at the other end of the bai The mechanical advantage of the uowbit 
depends on the distance between the hand and the fulcium compared with the distance betuecQ 
the weight ipid the^ilcnim (Sec Lcier ) 

CROWN Oh' CUPS, OT, Com onne de Times A simple form of battery invented by Volta 

It consists of a senes of plates of copper and vine placed m ihlute siilplmnc acid, the coppci of 
one being connected with the /inc of the nc-vt and so on The- ccUs were made small .mj 
ananged in a circle, so that the extremities of the chain were biought near to each other, hence 
the name On connecting the first copper with the last zinc, by means of a wire, a current 
accoidiiig to onr conventional language, passes fiom the copper through the wiic to the zinc 
The apparatus has little more than historical mtcrest, better forms of battery having Lem 
since constructed , and even m the case of iismg coppci and /me elements the plates and cells 
are made very mn< li laigcr than those of Volla s crown of cups 

CROWN WHEEL The teeth of the crown wheel arc set parallel to its axis, and at nifUt 
angles to the run, so as to appear on tlic aomi of the wheel , and being made of suitable si/c 
they work readdy m the teeth of an ordinary spur wheel, having its axis at right angles to that 
of the crown wheel It is the usual meth>xl ndo|>ted in clock wotk when transformation of 
motion to the extent of 90“ is required (See 7 A»ioioy(/, lievdled Wheel ) 

CRUX (Abbreviated for Crux Australis, the Soulhetn Ctoss ) A southern constellation 
devi8(‘d by RoJUr Its four prmcqial stars foim a cross, tlioiigb they are considerably unequal 
in magnitude The iiiiright of the cross points to the southern pole, where, however, theic is 
no conspicuous pole-star Within the constellation Crux is the singular vacuity in the Jldky 
Way, known as the Co ilsack This vaemty is not only fiee from tlie stai-s foiming the Milky 
Light of the Galaxy, but also from lucid stars Within its range, however, many telescopic 
stars can be detected 

CRYGElUJUUy (Kpios, ice, and to bear ) An lustiument invented by Di WoUas 
ton (see Philosophnal 'TiiinsaUiona for ibi3), for showing the cold produced by evaporvtmn It 
consists of two glass bulbs, usually i ^ to 2 mehea diameter, united by a tube one or two feet 
long, licnt at a right angle at eath end for two or three inchf s of its length One of the bullis 
IS half filled with water, whicli is boiled until all the air has been expclh d from the insbrumiut, 
through a small hole at the opposite cxtiemity, which is then heiuietically seded Wo line 
now, theiefoic, a mass of water m a \ leuum containing aqueous vapour given off from the 
•watei The empty bulb is iilicod in a beakci and sin-routided by a frcc7iiig mixture of ice and 
salt, which eoiideiisj# the aqueous vapour in the bulb into w atcr, and fresh vapout is siqipliLd by 
the witer m the distmt bulb , ultimately this water is fro/on The instrument for this leosuii 
has received the name of iccbcaiei, or earner of cold Wo know that heat determines the 
form m which mattei exists (see Ltpavswn), and that a gas is a hquid plus heat, and thLicfuic 
requires heat for its production Now', m the cryophorns vve have a celt un amount of aipicoua 
vapoui, the picssure of which upon the watci in the distant bulb prevents further evapoiation, 
in fact the vacuum is saturated , but when the vapour is condensed by the fieeziiig raixtuie, 
the pressure disajipcars and the water emits its vapour into the resulting vacuum, aud theieby 
loses heat, since the water requires heat befoic it can become vapour, wlien this vapour is cun- 
deiiscd a fuithci quantity is supplied by the water which is still more chilled, and this action 
continues until it is frozen by its own evajKiration (See also Ihuporalion ) 

CllVSTALLTNE HUMOUR The contents of the ciystiUline leris of the eye is called the 
crj/staUine humour (See Cye ) 

CRYSTALLINE LENS (Kpe<rraAXos, ice ) The lens of the eye containing the cryatJ 
bne humour (See Eye ) , 

CRYSTALIASATION, ACTION OF LIGHT ON When a saline solution contained 
in a glass dish is set aside to ci^'stallise, the crystals fonn first on the side nearest to or most 
exposed to the light So also camphor, iodine, napthalm, chloiide of carbon, &e , which form 
vapour by spontaneous sublimation, deposit crystals on the side of the glass most exposed to tlie 
bght Water and othrr liquids deposit globules of moistuie generally on the most illumi- 
uated side of the vessels containing them In the vacuum of a barometer, vapoiu of mercury 
Birailarty condenses on the side most exposed to light Heneo it was long supposed that light 
exerted some subtle action in promoting crystalhsation, &c , until Mr Tomlmson showed (PM 
Ala'/ , Nov 1S62) that these deposits are due simply to differences in temperature The side of 
till vessel moat exposed to the hght is generally the coldest, and hence it was natural to aupjxw® 
tb it hght and not hcaf was the elficicnt cause , but Mr Tomlinson showed that similar effects 
could be produced in the dark, provided one port of the vessel were made colder than the other, 
or m the full hght of day, and even in Bunshme, when the apparatus was so arranged that ouo 
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lart of each vessel had a different temperature as compared with another part The same cause 
vrhich produces dew also accounts for the phenomena in question 
CRYSTALLOGRAPHY. Almost all sohd chemical compounds when slowly formed, as- 
nme a regular shape, bounded by plane surfaces The science of crystallography trc.its of the 
an s by which these surf aces are disposed one to the other Crystals are assumed ikv-siss 
Lrtaiii a\cs, and the form is determined by the relation which the plane surf ices' bear to those 
\o3 Although the forms in which bodies crystalhsc are almost infinitely vanpd, it has been found 
hat they may bo classified into seven cryatallograpbio sjstenis These are biiefly as follows -- 

1 The tefjular cubic or momnictiic ai/atem — These cryst.ils are symmetrical about Ihret, rcct- 
Tii;nUr axes , the simplest forms are the cube aud regular octahedron The following sub->taucL-> 
iislallise in this system — diamond, most metals, chloride of sodium, flnorspai, alum 

2 '1 he qiutdialit m dimcti ic ai/atem — These crystals arc symmetneal about three axes, winch 
lie icctangulir, but only two of equal length, the thud being different Amongst tin. snb- 
t inccs winch crystallise m this system, may bo mentioned sulphate of nickel, tungstate of lead, 
lud double chloiide of potassium and copper 

3 llexarional or rhombohcib al system — In this system the cr3'stals possess four axes, three 
lOnig eqilil in length, situated m one piano, and im lined 60“ to ono another, and a priiiciji.il 
ixis at right angles to the plane of the former Amongst crystals of this system may be mcn- 
luucd quarts, beryl, and calcspar 

4 IthonibiL m tnmetric system — ^Tbese crystals have tlireo rectangular axes all of different 
ongths Amongst crystals of this form may be mentioned sulphate of potassium, nitrate of 
lotassnim, sulphate of barium, and sulphate of magncsiiini 

5 Ohl rjue pi ismatie 01 monoclmic — These have two axes oblujuely iiielined, and a thud at 
1 lit angles to the plane’ of these two, all three Ix-ing unequal Amongst crystals of this foiin 
aiy be lucntionad ferrous sulphate, sug ir, gyiisiim, mil taitniic acid 

0 Do} t me System — Jn this there are two .ixcs at right angles, and a third oblique to the 
ihv' of these two, the primary form being a symmetneal eight sided pyiaiuid 
7 hithly-obliquc pusmatu. or tuduiic — In this system tlio three axes are all inclined 
ihlii|ucly, and of unequal length Amongst uystals of this form may be mentioned sulphate 
>t rofipor 

t'l 1 st ’Is frequently cleave much more easily m one ducction than in another , thus mica may 
no duidivl mto laminre by the fingers, calcspar breaks up into rhombs by a blow with tho 
liaiiiiner, and galrna in a similar manner into cubes Tho diiinond is freipiently divided by 
I'l 1 01, a sharp steel edge along its hue of cleavage, and tai>pmg shainly with a hammer 
i'he angle's of ci ystalr are measured by an lustiument called a Uoiitvmiht ^mhich see 
(IIIYSTALLOTI) See Dialysis 

CHYST.iLS, COLOURED RINGS IN When a slice of a double refiacting crystal, cut 
at right angles to its optic axis, is examined m the polatisco])!’, n system of coloured migs aie 
(iiisirved, suiroiiniliiig a thick cross in one jKjsition of tho analyser, which changes to a white 
(loss in inother jiosition The lings are circular m uni axial eiystals, and more or less elhpti- 
e il m D'axial crystals {See Polai iseojie , Piiousation ) 

CliY.STALS, UICHllOIC Hoe DnJno r Crystals 

CRYSTALS, DOUHLB REFRACTION OF Many ciy stals possess the power of double 
rtfi iction — that is, of dividing a ray of common bght into its two roniponeiit rays oppositely 
poLiiised These Swo rays trai erse the crystal with different velocities and in different diicc- 
ti ms Crystals of Iceland spar or calcspar possesH tins property in a very high digiee, and are 
fi equently employed in optic il research (See Polai isatioii vf Lujkt , Polansntiun by Double 
lt‘'fiario)ri ) This property is not possessed by all crystals , some have only single refiaetioii, 
and act lilco in ordinary transparent medium • 

I'llYSTALS, OPTIC AXES OF See Optic Axes of Crystals 
CblilC NITRE See Nitrates, Nit) ate of Sodium 

CLTLiflNATlON (Culmen, the summit) The passage of a heavenly body across the 
wlestial meridian Wo sometimes meet ivith the expression meridional culmination It is, 
howeier, incorrect, as the culmination of a heavenly body is necessarily meridional 
Jr^^^MOLUS (Aheap) A form of cloud {See Cloud) 

CI PFiLLATION A method of separating silver or gold from lead Ow'ing to its easy 
fusibility, and the ready way in which it unites with these precious metals, lead and its com- 
pounds are frequently smelted with substances containing small portions of gold and silver, 
VI hen the reduced lead unites with and carries down with it these metals This affords a 
memod of accumulating aQ the gold or silver mto a button of leiul, and the cupellation process 
then adopted to effect the further separation It may be earned out on a very large scale, 
to in lead-works, where the cupels are several feet m diameter, and sometimes contain cakes 
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of silver 'weigliing many thousand ounces , or it is employed, on the small scale, for assay pxir 
poses, m wliiv-h case the cupels are from I to 2 mches in thimtter, and the resulting bead o£ 
silver or gold sometimes does not weigh nioie than a minute froetion of a gram In either 
case, however, the piinciplc is the sunc The cupel, as the vessel is termed in whieh the opo 
ration. IS ellepted, is* 9 i veiy tluek but shvllow hasm, midc of hone ash, beaten up with watei, 
and dried Thiv hums a veiy i otous absorbent material, whieh sucks up melted oxide of lead 
in the same \v\y that blotting paper will suck up water, wliiLst it has no absorbent iiowtrs for 
melted metals Tfie cui)el is lieated in a fumaee to full leducss, and the lead is put m it, being 
protected by an aieheJ clay eovei fiom the action of the smoke or furnace gases, whilst, at thu 
same time, a strong current of an passes ovei its surface The heat is laised to such an e\tcnt 
that the lead not only melts, hut the oxide which rapidly forms on its surface likewise incbs 
and is absorbed by the body of the cupel, tinis constantly exposing a clean surface to the uf t’on 
of the air The iiictalhc button rapidly diminishes in si/o, the lead being absorbed into tlip 
cupel, whilst the precious metal remains unaffected, until ultimately the whole of the k ul is 
removed, and nothing is left but a button of pure gold ni siHer On the large scale, and snme 
times also in assay oper itions, an absoibcnt cupel of bone .isli is not used, but what is termed a 
ecaiificr za emplojed inste id This is a non-absoilicnt clay vessel, and the oxide of load is it 
forms IB allowed to accumulate, until it runs off tluough a channel at one side, or it is icmoveJ 
by other means 

CURRENT, ELECTRIC To explam what is meant by an electric current, let us suppose 
a svire conneetdH with the giouad to be aiiplied to the prime conductor of an electric maclinif 
while it IS being worked The pi ime conduetoi is thus diseh uged, and according to emniuou 
lihiaaeology, the elceUicity passes through the iiirc to the giouiid This passage of the eleetn 
city IS called an clcdrie cuiienl , and it is found tluat dmmg the passage of the electiicity the 
wire acquires certain temporary properties winch are said to be due to the elect! ic emicnt 
There ait other waj® of proilucmg an electiic current besides that just mentioned Thus, if a 
plate of zinc and a plate of copper be parti illy luuucrsid in dilute sulphuric acid without touching 
oath other or "ny conductor, the copper will he found positively clcetnfiod, and the amc will he 
found negatnely electrified, and on eonneetmg them by means of a wire, discharge or pass ige of 
electricity through the viiie 11111 take jilaoe, and will be kojit up as long as tho zme and siilphunc 
acid are not used up by clicniical action The wire connecting tho copper and zme is found to 
haie the voiy same pioperties as theivuo connecting tho prime conductor and tho ground AVe 
say then th .t i iiuieut is pissiiig through it , and by convention we say tliat the current takes 
pUco from a pusitiic place to a negative , that is, m this instance, from the copper through tlie 
connecting Hire to |f*e zinc AVe eau only lefor luie to the general properties of an clectne 
ciuieiit and to tin soiuees of cnireiits, and indicate where detailed information on tho -vaniiua 
p nnti may be found 

The most iinpmtnt property wh leh an electric current has, is perhaps its effect upon a 
magnetised needle Busj.cnded iii its i leimty, Kinec it is generally by means of this aetain tint 
the exiitencc of a enrrent is detected, and its strength measured When a magnetised needle 
is suspended so as to be capable of turning about an axis perpendicular to its length, as is the 
case with a common comptaas needle, and la brought near to a wire thiough which a cuinnt 
pissing, the needle tends to turn its length at right angles to tho direction of the current Ifi 
then, the current bo flowing iii tho north and south direction, and if the needle is suspended “o 
as to be influenced by tho earth, thu current will tend to turn it east and west, the eaith to tn u 
it north and south, and the position of cijudibrium will dejiend upon the power of the eiiiunt 
compared with the directive force of the eaitb’s magnetism It is upon this principle tint tVi 
ffulianometcr or current measurer is fomided Again, if there bo two wires ncai to catJi othir, 
each of them condue-tiDg a current, and one oj. both able to turn about an axis at right umka 
to the direction of the cuirent, the wiics wiU jilacc themselves so that the directions of the 
cuiTents aie parallel to each other, and when in this position they will exert upon each otheT i a 
attractive force The action of currents upon magnets and of currents on currents is fully dis 
cu^scd under JiJectoo ilynamics and l.hct) o-magnelttm 

Tho properties of junents with respect to tho conductqrs which cany them are, pohipA 
next m importance As is explained undcsr Conductor and liesutavce, there are very marked 
diffeiences in the powers which various substances have of transmitting a current proeeedmy 
fiom a given soiuec There arc some bodies which wdl scaioely pcimit it to pass at all, otheia 
whit h permit it to pass very freely, and between these extremes substances oflcniig ‘-'‘^'7 
gi wle of resistance great and small to the paasage of it Again, m the same substance the con 
duetion depends vci^* much upon the dimensions of the conductor. *A long wire offers mu'-” 
mole n distance than a short one, and a thin wire much more than a thick one The effect of 
the resiotauce of the conductor is tu dimmish the strength of the current , that is, the quantity 
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f electncity which passes in a given time Thus, taking the same battery and intictdiieing 
jircs of different resisting powers, it is found that the whole action is dimiuishpd in proportion 
o the resistance introduced The resisting of the current at one part of tlie circuit djiaiiiislies it 
t all parts , for the law holds that, at any one time, the same qii intity of j;,]cctricity is jnssing 
hroiigh every section of the circuit Resistance to the current gives rise to heat at thc*]ilace 
fherc the resistance takes place Thus, if a fine platinum wire bo inserted between the two 
lolcs of the oattery, it may easily be heated to red or white heat, or even to the melting tem- 
leratnre The amount of heat developed depends upon the resistance offercil, and is simply 
iropoitmnal to it It is also proportional to the square of the strength of the current Koine 
nrtlu'r rjmarks upon this pomt will be found under Hkctncittf, Carrdatioa ofj Cut t cut, JIi aUny 
'i^ects of 

We ’i^iW turn to the chemical effects of the electric current, mentioning merely the gi neial 
jivs, and reserving the full discussion of the subject for oui aiticlo on Mltctiohj'it's When a 
urreiit is jiassed through a conducting liquid containing a salt, it in general dceomiioses the 
salt, breaking it up into two portions, one of wluch goes to the place at which the eiiirent 
^nters the liquid, the other to that at which it leaves it The metal of the s.ilt, or v hat eoiie- 
spimds to il, gooft to the latter , the halogen, or vihat coixesponda to it, goes to the other Thus 
iodide of pobihsium breaks up into potassium and iodine, the iiotsssinm goes to the side which 
IS connected with the zinc end of the pile or battery, the iodine to that winch is conneetrd with 
the coppei end The amount of dccompositnm which takes place in a given tyne, is piojior- 
tional to the strength of the current , and, if there be several liquids in the same circuit, each 
having a different salt to bo decomposed, the quantities decomposed m each, during the same 
time, , ire iiroportioiial to the atomic weights of the elements of winch the salts aie composed 
Thus ir there be two colls, one containing solution of iodide of potassium, and the othn sohitiou 
of common salt (chlonde of sodium), for every 127 parts of iodine set fiee, there will he 35 5 
ot el loTine , and, at the same time, 39 I paits of potassium, and 23 parts of sodium These 
iiunii'i rs are the atomic weights of the respective elements 


U.L Iv, wo mention the physiological effects of the electric current It was by means of 
these th,it current electricity was discovered by Gnlvani While using the lowei limbs of a 
newly lulled trog as a veiy delicate kind of electroscope, he was startled to find th it the ( ontaet 
of a .iin'iound bri. of copper and iron produced a violent convulsion or eontr.ietion of the 
mus<i s, 1,1 cn the copper and uon ends of the bar were made to touch two scparite iioitioiis of 
the limly j,t the same time {Hee Gahanism ) There is nothing so delicate as the limlis of a 
frog i .t I’etecting this action, but with a few cells of a battery, a contraction of the miiselcs and 
shock is easily felt on f penmg and closing the circuit If a eojiper and g'%c jilate be jnit twie 
abiive the tongue and the other below, and maile to touch c'ach other, a peculiai taste 01 sensa- 
tion in the tOjigue is felt which is due to the passage of electricity This sensation is extremely 
ddicate A oattery quite unable to give a telegraphic signal, with an onlinary instnimeiit, 
may readily be made to give the electric taste If plates of platinum, canung one from each 
end of a batteiy, are placed between the gums and the cheeks, on completing or 011 break- 
mg the circuit, a flash of light is seen before the eyes , and if the wires coming from the ends 
of a battery of 30 cells are inserted in the ears, a peculiar continuous sound is hciird (See 
EUctncity, Physidogwal Effects , Elcrtnatif, Animal, Ac ) 

The most important source of the electric current is chemical action As has been alreaily 
mentioned, a current is produced when a plate of zinc and a jdate of copper are immir'-ed m 
dilute sulphuric acid, and connected outbide the liquid by means of a wuc or other conductor , 
and w( have defined the direction of the current to bo fiom the copper thiough the wiie to tlie 
zinc There are many other forms of cell in which chemical .action is made use of as the sus- 
tainer of the < nirent, and these are described under Eatteiy, Gahanic, and undei their seveial 
names (See Eattery, Galianvr ) 

Hnat is another source of the electric current When two bars of different int t.als are joined 
wgethcr at the ends so as to form one comiiound circuit, then if one of the jiinetmus he kept at 
n nighai tcmpeiuture tlian the othei, a current will pass m the ciicuit in a diiettioii di jiending 
nature of the metals, but perfectly definite when the two metals are known (See 
EleitriLity and Tliemiopile.) 

The last source of the electric current is induction, which, however, must bo oarofully distin- 
^ished from statical induction, as a source of electric excitement When a wii 0, tin ough which 
10*'^*^''^ passing, 18 brought nc'ar to a second wire which is formed into a closed circuit by 
Mhing its ends together, a,tempnrary current is produced in the latrer , and, on ag"in carrying 
away, a temporary current is produced in the opposite direction , or if we place in the 
wire forming a closed circuit, another wire which can be suddenly connected with 
7“ uiiiconnccted from a battery, a current in one direction is induced m the closed wire each 
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time the connection ih made with the* battery, and a ciincnt in the opposite direction each tun 
it la broken Again, when a magnet is brought near to a closed wire or carried away from n 
a current is produced If, for example, a magnet lie suddenly dropped into the middle of a co 
of wire, a temporary current circulates the coil, and if the magnet be suddenly withdrawn, 
curront paHijcB thro^Sgh the coil in the opposite direction The subject of induced currents 
treated fit urfder JndutCtion, IULf^^yodyutiitiic They are of great importance to us , for thoiig 
they are, as we have mentioticil, only temporary, they can be made use of by means of propt 
arrangements for 'producing them , and they possess the properties of having a high power fc 
overcoming resistance together with very considerable quantity (Sec Induction, Electro dym 
mic , J ndvclum Coil , Cun erU, Induced) 

CURllKNT, EXTRA It is explained under Current, Electne, that a current sudden! 
generated or stopped in a wire connected with a battery induces a temporary current in anotln 
wire placed near to it But this action is even more extensive , for the current passing m 
wire acts inductively upon the wire which transmits it , and at the moment when it begins t 
pass, and at the moment when it ceases, pioduces currents, the first tnvetse, the second dirff 
These are called extiu ciinents The effect of the first, which is produced at the instant i 
making connection with the battery, is simply to retard the primary current and to prevent v 
instantaneous transmission through tho wiie , tho second, occurring at the cessation of tl 
primary current, lengthens out its existence, and that with increased power Tho properties i 
the extra currents are similar to those of o^mary induced currents , they possess considcrah 
quantity comblhcd with high power of overconimg resistance, and thus exhibit at the same tm 
calonhc, chemical, and violent physiological effects To examine them it is necessary to avo 
the effect of primary current upon the instruments for mcasuiiiig Edlund, who has invcsl 
gated the question, has given the following laws regarding them — 

The extra cui tents ohtained on opemnj and on closing the cit cuit Itai e the same deett omoti 
force 

The electrornotive force of the extra nm ent it ^tropDttionnl to the strength of the primat y cm ret 
CURRENT, HEATING EFFECTS OF Tho laws of the production of heat by tl 
electric current have been investigated by Joule in connection with Lis determination of tl 
dynamical equivalent of heat 'The passage of an electric current gives nse to a certain amou 
of heat, which may be produced within tho pile or cell itself, in the mtcrpular wue, or in bot 
'The following are the laws according to which tho heat is generated — 

(r ) The total quantity of heat jiroduccdm the cell and m tho wire in a given time is pi 
portion'll to the electromotive force, and to the quantity of electricity which has passed m tl 
circuit in that time^or, in other words, it dciicud'} on the construction of the cull, since t 
electromotive force depends on that, and on the amount of chemical action (excluding, of cour* 
local action on the plates) which has gone on withm it, since the quantity of electrici 
depends upon that 

(2 1 This heat is distributed between, the interior of the cell and the interpolar wire in siinj 
propm tioii to the resistance in each 

Another way of stating tho same laws is that the heat generated in any part of the circii 
suppose 111 tho interpolar wire, is proportional to the resistance of it and to tho square of t 
strength of the current It appears fioni this that by increasing the strength of the curre 
or the resistance of the wire any ti mperatnre may be obt uned , and, in fact, it is easy, by u^i 
•1 fine wilt, BO as to gi\e great resistance, and a Buffacicntly powerful battery to produce a ct 
sidcrablu current thiough it, to obtain <1 heat so intense as to fuse the wire however refractoi 
'The heat of the curreut has been employed together with that of the sun’s rays, to melt vc 
infusible minerals, and even the diamond and plumbago have yielded to its power 

CURRENT, INDUCED As has been stated under Current, ii’fcrfj ic, the production 
stoppage of a current in the vicmity of a wire formed into a closed circuit gives nse to a tc 
porary current m it The current thus produced is called an %nduced current, and t 
phenomenon is spoken of as curiint vnduction Suppose that wo have two wures, one of tin 
foimed into a closed circuit, including a galvanometer in it, and the other arranged in c< 
ncction with a battery and key so that a current may be sent through it and stopiied 
pleasure, and let portions of the two wires be laid parallel and near to each other Then 
suddenly making connection with tho battery and thus sending the current through tho w 
joined to it the galvanometer will be affected, showing that a current has traversed the otl 
wire But the needle soon falls hack to its place, the current being only momentary , now 
again breaking connection with tho battery and thus stopping the current in the first wire 
temporary deflection -if the galvanometer will again occur, and m tM opposite direction to tl 
which took place before, showmg that a second transient cuircnt has been produced, and 
trory in direction to the fii-st. Also on comparmg the directiou of the pniaary current, as tl 
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from the battery is called, with that of the secondary or induced current m the parts of the wire 
that are parallel, it is found that the direction of the induced current obtained on nnhiii"' con- 
nection with the battery is opposite to that of the primary current, that of the induced current 
obtained on breaking connection with the battery is the same aa that of the primary current 
The farst IB called the mierse current, the second the dhect current , 

A more powerful arrangement for exhibiting the eflects of current inductioi].-is c.ons’tructcd 
by using wires insulated by covering witb silk or cotton, and wmdmg the primary anti secondary 
u ires side by side into a coil, or by winding them into two separate eoih, and putting one 
inside the other In that case every turn of the primary wiie acts on every turn of tlu' 
secondary wiro, and the effect is much heightened 

Induction also takes place between two wiios, one of which is transmitting a current ulicn 
the distance between them is altered Thus if the pnmary wire be brought nearer to the 
secoi dary wire, an inverse current takes place, if it be removed a direct current Again, if % 
punnanent magnet be brought near to or removed fiom, a coil connected, as desenbed abovt , 
with a galvanometer, a direct and an inverse current are produced, the words direct and m verso 
being applied by looking on tho magnet as a solenoid, whose currents jiass according to the 
hypothesis of Amptsre’s theory (qv ) 

'J he laws of the effect produced upon a secondary wire by the change of position of the 
pnmary v/ire, or of a magnet, arc summed up in what is commonly known (from tlio name of 
the propounder) aa Lenz’s law The cwimt jnoduced tn the eecondniy cod by the (ippioach or 
remoial of the pnmai y, or of a permaneut maqnct, ts such ii lih i eqnrd to dii rriiofi, as uouUl op[ ose 
that mohim, accoiding to the laws of electro-dynamicv (Vido Jileciro-dynamics ) 

The following are the laws of current induction wilh icfeieucc to sticngth, tension, and 
flectromotive force — 

The strength of either induced cnrieiit is proportional to that of the primary current, and to 
tbf* product of the lengths of the primary and secondary wires Tho quantities of clccliicity 
tr n'^mitti d by tho direct and inverse ounents are the same 

riio elect! omoHie foice, or power of ovcrcoiiung resistance, is greater in tho case of the 
dll I t current than in that of the invci sc 

Upon the induction due to cui rents a great number of most useful and important insfrumonts 
dipcnd for their action and these will bo found disenbed in then proper places Fore\amplc, 
luilucc k lUrrents have entirely taken the places of static discharges for medical pui puses , they 
,'r' boiiit, uscu more and more for illumination in bght-hoiises and similar places , while for tho 
peitorniance of certain optical expenmonts they arc indispensable (See Rhunikorff’s Cod ) 

The induetive action does not stop here The induced currents are themselves able, as 
IIonr> has shown, to produce new induced currents which are termed i%luced currents of the 
stcoiul ouh" , and these again to produce induced currents of third order These may bo 
shown by using a scnca of concentric bobbins , and their laws have been investigated by Henry 
and Abna They arc alternately in opposite directions Thus, on closing tho jiiimaiy circuit, 
which is always considered direct, the induced current of the 

Rust order is Inverse , 

Second order is Direct , 

Third order is Inverse , 

aad so on On opening the primary circuit, the direction of the induced current of the 

ITrst order is Direct , 

Second order is Inverse , 

and BO on In each of the orders the strength of current, direct or inverse, is the same , and the 
electromotive force of the diiect current much greater than that of the inverse and in tho 
currents of the successive orders, compared with each other, tho electromotive force deci eases 
as the number of tho order increases 

CURRENT, STRENGTH OE The strength of a current is proportional to the quantity 
of electiicity conveyed by it in unit time (See Units, Electneal) According to the laws of 
electro chemical decomposition, the amount of decomposition is proportional to the strength of 
the current It is upon this pnnciplo that Earaday’s Voltameter is constructed The cuirent 
to he measured is applied to decompose water, and the amount of gas given off is collected and 
measured The strength of the current la thus proportional to the amount of gas produced 
m a given time, and unit strength might be defined to be such that a current of unit strength 
Would produce one cubic inch of gas per minute We cannot, however, make use of this 
method to measure the current which a given cell or battery can produce , for the introduction 
into the circuit of such hifgh resistance as that of a decomposing cell, very much decreases tbo 
mirrent actually transmitted by the cell or battery Rut by making use of a galvanometer in 
connection with the voltameter, this measurement may be accomplished If the current be 
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passed through a tangent galvanometer (see Galvanotiietfr), the strength of the current is pro 
portioual to the tangent of the angle through which the needle is deflected By including 
therefore, a voltameter and a tangent galvanometer in one circuit, and noticing the quantity of 
gas given off m a certain time, while the galvanometer indication is aho noted, the relation of 
the former to the latter may be once for all detenniiicd, and tho strength of any current 
thenceforwarfl detenhiiied by a simple calculation fiom tho deflection of the galvanometer 
CUllllisNl', 1‘AKTIAL See limied Curteuts 
CURRENT, PRINCIPAL See Dctivcd Cui tents 
CURRENT, THERMAL See Thrimo-Carrent , Tkct mo-EIcHt trtty 
CURRENTS OF I’HE SEA, THE EFFECT OF, ON CLIMATE See CLimate. 
CURSA (Arabic ) The star § of the constellation Endaniis 

CURVJO OF SPACES In kinematics the curve whose ordinates are proportional to the 
spaces passed over by a moving body in time« projiortional to the abac issic If points bo taken 
on a straight line at distances proiiortional to the tunes of observation, and lines ho <ha\vii it 
these points perpendicular to the first line, and proportional to the spaces desciibed by tlie body 
from sonic fixed point, the cuive joming tlio extremities of these hues is the cmvu of spaces 
The chief properties of the curve of spaces are as follows — 

Tlie ])oints in which the curve cuts the axis of time icjircscnts intervals m which the particle 
returns to its initial position A point of inflection roarlcs a sudden change of direction Tho 
X elocity at any point will be found by drawing a tangent to the enrv t at that point, sud then 
drawing two ordinates to meet it, whose distance rcfiit sents one unit of time , tlie difference of 
these ordinates is the velocity Points at xvhuh the tangents are pirallel to the axis of time 
maik instants dnnng which the velocity is zero, or, in other xvords, the particle stands still in 
Its path foi an indciinitcly bin, ill interval of tmio 

CURVE OF VELOClTlEti In kinematics, a curve whose ordinates are proportional to 
the velocities of a moving particle, and whose absciss® are proportional to the intervals of time 
at wluch the velocities ,ue t<ikeu If points be taken on a sti light Ime at distances jirojicitional 
to tlio intervals between the tunes of observation, and hncs bo diawii at these points iierpeiuh- 
cular to the first lino or axis of timo, and projiortional to the velocities of tho particle at tho 
iiistantb represented by the points, then the curve joming tho extremities of these lines is the 
curve of velocities This name was given to the curvo by Newton Its chief projicitics are 
as follows — 

The iiegatue values of tho velocity arc lopresented by negative ordinates, ind therefore these 
repiesent letrograde nuition 'ITie area of the curve of velocities rcpicsents the whole sp,ico 
passed over by the paiticlu in the tune represented by tbe portion of the axis between the cv- 
treme oidinates At^tunts indicated by a change of inflection, the velocity has a maximum or 
minimum value 

CURVES, MAGNETIC The lines into which iron iilinga arrange themselves, under tho 
infliicneu of a magnet, are called the ma'jnitic curies To produce them a sheet of wliite paper, 
Gtii tched on a fiaine, is jilaced over tho magnet or magnets oi any masses of magnetic nutter 
laid on a honzontal table Fine iron filings are then lightly seattired ovci the paper, and 
witli tho ,ud of gentle tapping, can be made to ihstnbute themselves in lines, the fonn of which 
depends uiion the nature and shape of tho magnet or magnets made use of These lincH are the 
magnetic euives In the case of an evenly magnetised stiaight bar, they start fiom one jiole and 
curve round in the shape of an oval, to meet the centres of the magnets at points near the othi r 
polo, coi responding to those from which they take their rise By arranging masses of magnetic 
matter m the magnetic field, or by bringing near to each other like and unlike jirtles of v.uirms 
sizes and strength, very curious and beautiful foims of curves are obtained, which it is quite 
impossible to describe The lines thus triced out have a very great interest, smee they are the 
lines of mofpietu: force due to the particular irrangement of magnetic matter used The leader 
mayaho consult Lines of Fotce and Field of Force for some further information on this subject 
CYANOGEN (xuapos, blue , and yewuto to produce ) A gaseous compound of carbon and 
nitrogen of the formula C N It is a colourless, very heavy gas of a peculiar suffocating odour , 
density, i 8o6 At a pressure of about four atmospheres, or at a temperature of about 
— 40° C (— 40°F) at the ordinary pressure, it liqmfies, and at a little lower temperature it 
freezes to a crystalline mass Gaseous cyanogen is very inflmnmable, burning with a peach" 
blossom colouied flame, producing carbonic acid and nitrogen It dissolves slightly m water, 
alcohol, and ether, and is absorbed by alkaline solutions. In its chemical characters ejanogen 
chiBcly resembles an element of the chlorine group, and on this account it is generally designated 
by the symbol Cy If unites directly with metals, forming cyanides ..which are analogous to 
chlondes, &c , it also fo.uis a hjdrogen compound, Ilydroeijanic Acid (which see), and an 
cMopound, Cyanic Acid (CNHO) Tlie followmg compounds of cyanogen may also be 
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Ci/anide of Potn’tsiiim (KCN or KCy ) In the pure state tins fmins transparent culucal 
crystals which dehquesce and decompose on exixisure to nii, exhaling the odour of prussic atid 
at a ilull red heat , it melts to a transparent liquid, solidifying to an opaque potci laindike mass 
Coinineicial cyanide of potassium 18 a mixture of cyanide and cyanatc of potassium C>anide 
of potassium is a powerful reducing agent, especially at a red heat, and is largely used m ana- 
lytical chemistry, and in manufactures The solution possesses the valuable yropeity of dis- 
Buhing many insoluble salts of silver and gold, and retaining the metal in a foita iri which it is 
easily precipitated m the metallic state by galvanic action It is therefore of great ust for 
elcctro-platmg and gilding Cyanide of potassium, added to solutions of heavy metals, piccipi- 
tate msoluhle cyanides of these metals When more cyanide of pnta«siiim is added, the 
insoluble cyamdc is dissolved, and in some cases (for instance, with iron, cobalt, &c ) a new s dt 
IS foiincd, containing a compound mctallo-cyanogen radical, united with potassium, thu®, m the 
case of iron, /crrocyanicie of •potassium is formed and with cobalt, vo'inltu iiauuh of potasuum 
In. other cases, however, no such double salt is formed , thus w itli nickel, there is simply obt lined 
a sohitiou of cyanide of nickel in cyanide of pot issium Home fcrrocyanogen compounds arc of 
inq ortauce (See Fa i ocyamdc of Potassium, Pi ussian Blue ) 

C'YANOMETER (xudvos, a blue substance , and jjArpov, measure ) An instnimeiit devised 
by ti insiiiuo for measuring the depth of the sky’s blue tint It consists simply of a circular 
caid, radially divided into fifty-one jiarts, each of which is coloured to a different tint of blue 
The caid is hold between the observer and the sky, and the tmt on the caid which corresponds 
most closely with the colour of the sky w noted and recorded hy its number 

CYCLE (kiIkAoj, a circle ) The peiiod within which a senes of cclcsti i\ phenomena recurs. 

It has been justly remarked that no celestial phenomenon ever recurs nlintically , and fai 
3i.ss w 11 any senes of jihenomcna be repeated a second tune pieciscly as at its first occurience 
Ncicithcless certain marked phenomena are repeated to .ill intents uid purposes in a cyclic 
manner, and the object with which the so called cycles of chronology and astionoiny have biiii 
fon icd has bc< n to bring the recurrence of different sc ts of i>heiiomeua into asbotiation one with 
a lotbcr, by selecting time-intervals which mcliide a definite number of rcciurcnces of each set, 
vviL'i ut any important fractional remainder The following arc the principal chronological ami 
aslioiLumical cycles 

The Solai Cycle This is a period of twenty-eight years Within each such period the first 
day of ho year passes successively through the same scciuence of weekdays If cvciy year 
con stedef 3O5 days, the successive new-year days would be the successive d.ays of the week 
Jlut aftei a leap year one day is missed Supiwsing a senes of years to begin with the days 
Itloiiiuy, Tuesday, Wednesday, and Fnday (lliursday being the day missed), the next set of 
fom ycirs would end with the oiiiission of Mondiy, the next with tliej|missioii of Fndiy, the 
next with the omission of Tuesday, and so to Saturday, Wcdncsdiy, Sunday, and then to 
Thuisday again In other words there would be seven sets, of four yeara each, before the 
scries would be completed, or twenty eight ycais m all With the Julian calendar there was no 
change in the solar cycles (See Bissextile, Calcndai) But with the Gregonan Calendar there is 
aln ijs j, bleak in passing from one century to another, excejit when the new century belougs 
to the senes iGoo, 2 CXX), 2400, &c 

Ciiclc of IndicCion A penod havmg reference to an edict issued by the Roman emperors 
every 15 yeais It is therefore quite arbitrary , but as it is often reftrred to in old clmmicles 
It IS necessary to state the rule for detenmning the position of every year in the cycle of indio 
tioii Tills lule runs thus — Add 3 to the number of the year and divide by 15, the remainder 
is the number of the year m the cycle of mdiction Thus for the year 1870, wo have 
~i. = 124 + IJ, therefore 1870 is the thirteenth year of a cycle of indiction The cycle 
13 supposed to date from the year 312 , so that we may determine both the year of the 
cycle, and the numibcr of past cycles, by subtracting 312 from the number of the year and 
dividing by 15 as before Thus we have ='^" = 103 + ^2 Therefore, 103 cycles of 

indicliou have passed, and the year 1870 is the 13th of the 104th cycle. 

2 'ke Metonic Cycle This is a cycle intended to associate the lunation with the year It was 
>n reality invented by the Chmese (or was at least m use among them) long before Meton's time 
(about 432 B 0 ) The penod of a lunation is not contamed an exact niiiiiber of times in a year , 
but m 19 years there are almost exactly 235 lunations The actual difference is but 06 of a 
df^. if the Julian year of 365 J days be considered, since 23S lunations contain 6939 69 days, 
■'^ile 19 Julian years contain 6936 75 days Now, 06 of a day in 19 years corresponds to i day m 
about 317 years Thus, after 19 years the lunations would repeat themselvci (always, however, 
With reference to the yfcar of 365 J days, and, therefore, with a possible error of i day in date) 
»‘>r about 317 years The Gregorian cidendor introduces other discrepancies But the Mctonic 
cycle IS stUl dealt with m our almanacs, the “golden number” (used is finding Easter) bemg 
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calculated ■with reference to it The Metonic cycle has a relation also to hinat cchpm^ wludi 
depend on. the nodiial month Tor 235 lunations are equal in length to 255 021 nodical inoiitLs, 
BO that at the commencement of each Mctonic cycle the moon is not only m the same position 
■with reference to the sun, but also nearly in the same jiositinn with reference to the nodes of 
her orbit The interval 021 of a nodical month, is however, too important foi the Metome 
cycle tojie of much usfi as a cycle of ochpses 

2 Vte Ccdippic ^yele This cycle was invented by Calippus, ■who flourished about a century 
aftei Alctoii He endeavoured so to improve the Metonic cycle as to obtain a readier means of 
representing the rccutrciice of eclipses To effect this he deducted one day from four Metonic 
cycles, thus obtainmg a period of very neatly 940 lunations, 1020 nodical months, and 1016 
sidereal months The Calippic cycle ■was not e'ract enough to be of much more use than the 
Metonic, so far as eclipses were concerned, and was for other purposes altogether inferior to the 
cjcle 

The finros or Chnldcan Cycle This cj'clo was a singularly successful attempt to master the 
difficulty of predicting the recurrence of cclijtscs It consisted of 223 lunations It thus fed 
short of 242 nodical mouths by about 39 minutes, and of 239 anomalistic months by rather Ic--. 
than 5 hours It evoeeded 241 sidereal months by less than a day Thus m each Bucccssi\e 
saros cclijiscB very nearly recur, take pl.uie neaily in the same part of the celestial sphere, nearly 
correspond m chaiactcr (as regards at Icist the apparent dimonsjoiis of the moon) The ejelo 
not having any icfcrcncc to the year, the dates of cclijiscs aic not at once indicated by it 'Phe 
Chaldeans calculated the length of the s iros at 6585^ days, so that the eclipses would not reenr 
at the same hour ftf the day But by trebling the ]>i nod this dilhculty ■was got over Tlioir 
estimate was viry accurate, the tot J error in the tuple saros being somewhat short of one 
houi, or more exactly 58m 63 

The Paidinl Cycle is an eoclesi istical one, and need not here bo con^idcTcd 

CYCLONES {it.vkX 6 i) llotatoiy htonns, winch tike tlmr rise in tropical seas, and com- 
monly travel along a paiobohc jiath, which cariics them fiist towards the west and aftcrwaids 
towards the east (with a northw.ird iriotion throughout) Thus the Atlantic cyclones, when as 
sometimes hap^iena they reach our sheics, come alw vys from the west I'm the Chinese seas 
these stoniis aio called Yyp/awfls Tlio diameter of the cyclonic wliiilwmd vaiics from about 
170 to about 500 miles or more 'I'lio centre, win to calm pnwails, tiavols at a rate varying 
flora 2 to iboiit 30 milts poi hour The dii(‘ction of rot itioii is different for tho two hemisphci es 
lu th( iioitliciii hcmis]ilicic the dncotiou w contrary to the motion of the hands of a watch 
(placed face upwivrds 011 tho map) , in tho southern tiie rci erse is the case Captain Maury 
cuiisidets that cyclones travel ovei the course of winn sea-currents, and that even when geiu'- 
rated at bomo distance A 0111 such currents they maki their way to the channel of warm ami 
rinfiid iir existing abtfie those ocean sti tains Such storms aro also called yorisMcfoo (See 
]Viinl << ) 

CYCNUS (Tho Swan) One of Btolcmy’s northern constcll itions This astinsm i-^ 
principally rcm.ukablo as including one of the iichcst portions of the Milky Way visible 111 our 
latitudes Within its range also is a somewhat well defined vacuity which has been termed the 
northern C'oalsack The star Albireo on the beak of the Swan is a fine double, the colours of 
the coinpoueiits being orange and blue, and very well marked But the most interestmg object 
in this hue coiistcllation is undoubtedly the binary star 61 Cygni By two distinct mothoils 
the distance of this pair has been found to be about three times as great as that of the st tr 
Alpha Centaun Erom the observed motions of the system it has been concluded that the two 
stars together weigh about ono-third as much as our own sun 

(’YLINDllICAL LENS A lens, whose curvature is that of a cylinder, instead of a 
spheie A cylindrical ghiss rod may, therefore, be called a cylindrical lens Lenses of this 
kind are gencially cylindrical on one side only, and flat on the other They bnng tho imago of 
a soiiice of light to a line instead of a point, and are frequently used in optical instruments and 
stellar spectroscopes 


DAGUERREOTYPE PROCESS The original process of photography, so named after its 
inventor M Dagueive A highly polished plate of silver is exposed in darkness to the vapour 
of iodine, or a mixture of iodine and bromine, until its surface is of a reddish yellow colour , it 
IS then exposed for a short time to tho luminous image m a photographic camera, and trans 
ferred to the dark operating room Here the impressed plate (on whit^, however, no image » 
visible) IS exposed to the < .ipour of mercury The metal will adhere in the form of a light gray 
powder to those parts of the surface upon which tho light has ahnni.^ but will not touch the 


portions unacted on W1 en sufRciently developetl the unaltered iodide or bromo iodide of adier 
IS dissolved off with hjpo-sulphite of soda, when the pieturc is fixed This process is now almost 
obsolete (See Phatorjraphy ) 

U’ALEMBEllT'S PRINCIPLE Suppose a number of forces to act upon a ric,nd body, 
and suppose it be required to determine the motion of any particle of the body Tiio sits of 
forces will act upon that particle , first, the foices impressed from without , sqeondly, the co- 
hesive pressures which bind it to the rest of the body The force producing mdtion tv ill be tho 
resultant of these two sets of pressures Let us call this resultant the eftectivc force If to 
each point of the body a force be applied equal and opposite to the effective force at the point, 
the whole will be m equilibrium It is mqiossible, however, to determine the foiccs of tlic 
second group D'Alembert made the following assumption — “ The internal action and re- 
action of any rigid system in motion are in equilibrium amongst themselves " Erom this the 
law known as D’Alembert's principle immediately follows, viz , “ If pressures equal and opposite 
to the effective pressures at any instant were at that instant applied to each point of the body, 
they would be in equilibrium with the impressed pressuios ” 

daltonism See Colour Blindness 


DALTON’S LAW See Evaporation 

DANIELL’S G-AIiVANJO BATTERY In this arrangement the cells are formed in tho 
following manner — A copper plate is immersed m a saturated solution of sulphate of copjicr 
This plate is generally rolled up so as to form a vertical tyhnder, and within it is placed a jjor- 
ous cell of bladder, or of iinglazcd earthenware The porous coll is filled with dilute sulphuric 
acid, and a plate or rod of zinc is placed withm it According to the cnmmoiJ phraseology, the 
current proceeds from tho zine through the liquid to tho copper when tho cmcuit is closed 
The advantage of the Daiiiell’s battery is its great constancy, and it is found in this lespcct 
far to B.ipersede any other arrangement at present in use 
Th«‘ .ollowmg is an account of tho chemical action that takes place within it — At the zinc 
Hurfact th' sulphuric acid is decomposed, sulpliato of zme is fonned, and hydrogen is liber itcd 
'riiis gives rise to an action at the surface of the porous cell, by which the hydrogen, thus set 
frti. IS furnished with sulphur and oxygen, and reconverted into sulphimc acid at tho eapenso 
of the sulphate of copper in tho exterior ceU A third reaction takes place at the surface of tho 
copper jilate, by which copper, liberated in consequence of the last reaction, is deposited on its 
‘■ui'"ict This will be readily understood from the following representation, in winch the ordi- 
miy (hf mical symbols are used, the vertical lino m the middle representing the porous diaph- 
1 1 pn The first line shows the condition before tho chemical action begins , the second, the 
cou'htK n after one senes of changes has occurred — 

Copper plate, Cu, CUHO4, CUBO4, | H4BD4, H3SO4, Zn, ^nc plate 


Copper plate, CuCu, SO4CU, BO4 | H^, SO4HJ, RO4ZU, Zinc plate 


The sulphuric acid diffuses towards the zinc plate through the porous diaphragm It appears 
thus tint the jiolansation of the copper plate due to the deposition of hydrogen is complitely 
avoidtil The sulphate of copper is used up, but this is continuously supplied from a sliilf within 
the outer cell which cames a Leap of crystals The only limit to the constancy is the formation 
of sulphate of zinc m such quantity as to prevent the action of the zme jilatc 
DARK HEAT RAYS Hee Obscure Heat, Calmeseenie 
HAWN See Tunlvjlit 

Hay In its original acceptance this term meant the interval between sunrise and sunset 
We still use the term in this sense when we compare day with night Another familiar usage 
of the term refers to the completion by the sun of his apparent circuit of the heavens, as either 
from sunrise to sunrise^ or from sunset to sunset, or, more exactly than either, from southing to 
southing The former hasbcencaUedtheartyfciaf, the latter the tiatnial day, though it woiihlhodiffi- 
cult to assign a reason for the use of the first of these titles to desunbe a purely natural phenomenon 
We are concerned here, however, with those uses of the term day which are founded on 
astronomical relations These are the following — 

Ihe apparent or true solar efqy — This is the mterval which elapses between the successive 
of the sun to^he mendian If the earth travelled at a uniform rate round the sun, 
and her axis were at right angles to the plane of her orbit, so that the ecliptic and the equator 
coincided, the solar day would be of constant length But neither of these relations holds , and 
1 ** ®oiar day is variable, though the limits of variation are not v< ry -wide The true 
solar day is not used even among astronomers as a measure of tune, for which indeed it would 
be wholly unsuitoble ' 

The cmi or mean solar day — This is tho mterval which would elapse between successive 
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returns of the sun to the mendian if the relations relerreil to in the precodmg paragraph really 
held It may he desciibed as the mean length of the true solar day If a tun weie supposed 
to travel uniformly ilung the celestial equiitoi, so ns to accomplish one complete revolution in a 
year, the successive returns of that sun to the mendiaii would be separated by a mean sulir 
day The civil day is divided into 24 hours, which are counted in two sets of 12 Astrono- 
mers, when thuj^ use mean solar time cither for reference or in practice, count through 24 hourg^ 
beginning from noon Thus, in astionomical parlance, 5h January 27, means 5h I’M January 
27 , but I5h January 27 correspouJa to 3h am January 28, accorclmg to civil reckoning 
The astionomical or sidereal dni/ — This is the interval which elapses between a star’s successive 
passages of the meridian of a piece, and therefore corresponds to the period of the earth's rota 
tion (HI her axis Tins interval la appreciably constant It has been suspected indeed (see 
Actdaatioit of t/ic Moon's Mean Motion), that the period of the earth’s rotation is very slowly 
increasing, and it might be urged that, hince no star is absolutely fi\cd, the successive returns of 
a fixed St ir to the iiieiidian aie not acjiarated by an interval which is exactly equivalent to the 
pciiod of the cai til’s rotation 13 ut neither correction would be appreciable, even in the moat 
exact astronomical processes, canacd on for many successive years , so that neither affects the 
claim of tlie sidereal d ly to be regarded as the most convenient unit of time-measurement iv Inch 
the astronomer can select The length of the sideroai day has been calculated with a degree of 
nicencss pioportioncd to that of the determination of the sidereal year In fact, the two 
pcnodi are closely interdependent, for we iiave this rule — the number of sidereal days in a ■-ide- 
real year i‘\c< eds by one the number of mean solar days Now the detemunation of the nuni- 
bci of Sol 11 days ffi a sidereal yeai is a problem tovvaids the solution of which the whole diirv 
turn of astronomical observation is available Whatever erroi there may be in the compaiison 
between tbe lust available observ.vtion and one made yesterday (if we will) at Greenvvub, is 
distiilmted among the whole number of years separating the two observations, and therefore affects 
ill an imlelinitely minute manner the determmatiun of the length of a single year Hence we can 


rely with extreme eonfidtnce on the value a’-signed to the •sidereal year — that is, 365 2563612 
days Aud with coiicspondiug cuniidcncc vvi can accept the value of the sidereal day as 

M- SKSMIS , 

see juaeis ^4“ » 


wliith reduces to 2311 56m 4092s 


A’-tuiuoinie.al clocks aio set to keep sidereal time, each sidereal day reckoning from the 
transit of the first point of Anes 


DAYLK.HT, ACTINIC INTENSITY OF Dr Koscoe has given a method for the 
meteorological registiatioii of the actinic mtcnsity of total daylight, {Phil Trans, 1865, p 
605), founded upon aiipxact measurement of the tint which standard scnsitivo paper assumes 
when exposi d for a giwii tune to the action of daylight Measmements of the actinic intensity, 
accoidiiig to this plan, have been made for some ycais at Kew , and, in 1866, Dr Koaeoes 
assist lilt jMi 'J'lioipe, was emibled to take a senes of observations m tbe same manner at Pai i, 
iiiiild the iq’iatoi, 111 a situation possessing a clear horizon By compaimg the daily mean 
iiitcnsitii 1 at Far-t and Xew, on the same days, wo gam some idea of the true chemical action 
ot tlic tiojiK s , and it becomes evident that the alleged failure of pliotogiaphcis working in 
trojiical eoimtricH cannot, at any rate, lie asimbed to a diminution of the sun’s chemical 
intensity The following table exhibits the daily mean actinic intensities at Kew and Pari for 
fifteen days, in April 1866 {Phil Tiana , 1867, p 564) 


Duly Mean Intensity 
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II 6 

28 6 

242 0 

846 

II 7 

77 

301 0 

3909 

•1 9 

59 

3264 

55 25 

II 11 
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2332 

9 18 

II 12 

558 

203 I 
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" 13 

52 2 

3378 

646 

II 14 
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265 s 

689 

II 18 

398 

3501 

880 

II 19 

752 

3523 

468 

II 20 


3850 

990 

II 23 

804 

350 1 

4 35 

M 24 

836 

3627 

4 34 
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3078 

417 
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667 
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Hence it appejjs that the actinic action of total daylight, in the month of April iSfiG, was 6 5S 
times as great at Pari as at Kew (bee Acttnoiaeter Cheiniuil Action of Lujkt, Photudiunitid, 
Indurtwn ) 

In a coinmumcation to tho Royal Society, in April last, Drs Roscoe and Thoipc give the 
results of a senes of observations of the actinic intensity of total dayjniht, niadi 011 the Hat 
table land on the southern side of tho Tagus, near Lisbon, undei a dloudlcps the 

object of ascertaining the relation exising between the solar altitude and the cliemical mtcinity 
The chemical action of the total daylight was first observed in the ordinary maiiuei , the 
chemical intensity of the diffused daylight was then observed by throwing on to the L'\poscd 
paper tho bhadow of a small blackened brass ball, placed at such a distance that its aj)paiciit 
diameter seen from the position of the paper was slightly larger than the sun’s disc The him s 
altiuide was determined by a sextant and artificial honzon 134 sets of obscrvatious were 
niad»,aud they were divided into seven groups, according to the number of hours thc> weie 
fiom noon It had before been proved that tho mean actinic intensity of total d.i^light for 
Lours equidistant from noon is constant, and the result of the Lisbon senes of cxpi nnieiits 
proves that this conclusion holds good generally In the paper curves are given, showing the 
daily march of chemical intensity at Lisbon in August, compared with that of Kew for the picccd- 
mg, and at ParA foi the preceding April The value of tho mean chemical intensity at Ivtw is 
represented by the number 94 5, that at Lisbon by no, and that at I’aia by 313 3 , light of the 
luteusiLy i o, acting for 24 hours, being taken os 1000 The followmg table gives the lesulto of 
the observations arranged according to the sun’s altitude — 


NomLvt of Ob'orvation 

IVTean 

Altitude 

Chemical Intensity 
ban Sky 

Total 

IS 

9 ‘‘Si' 

0000 

0038 

003S 

18 

1941 

0023 

0063 

0 obb 

22 

31 14 

0052 

0 100 

0 152 

22 

42 13 

0 100 

0 115 

0215 

19 

5309 

0136 

0 126 

0 262 

24 

61 08 

0 195 

0132 

0327 

11 

64 14 

0221 

0 138 

0 359 


At Jtitucles below 10“ the direct sunlight is robbed of almost all its actinic rays The rtLi- 
ti''n bc.t'vccn the total chemical intensity and the solar altitude may be repiesented giapbic iliy 
by a 'tiaight hne for altitudes above 10“ A similar relation has already been shown to exist 
for iCc.v, Heidelberg, and Faiil , so that although the actinic intensity for the same altitude at 
dilierent places and at different times of the year, varies according to varying transp ueiiey 
of tbu .itnospliero, yet the relation at the borne place, between altitude and intensity, is alnays 
TCjiiCocnted by a straight line , this vaiiation, la the direction of the straight lino, is due to the 
opiilescfnce of the atmosphere (which see) , and it is shown that for equal altitudes tlie liigher 
intenhity is always found where the mean temperature of the air is greater, os in Hilmmer, 
when observations at the same places at different seasons aro eoiupa.ed, or as the eqiiitor is 
appro lelicd when the actions at different places arc examined Thu differcncrs in the obsuived 
actions for e jual altitudes, which may amount to more than 100 per cent at dilFerunt jilaces, and 
to nearly as much at the same place at different time’’ of the year, serve as exact muaburemeutB 
of the transparency of the atmosphere 

DECANTATIOX {Decanter, to pour off ) The act of pounng a liquid from one vessel into 
another In chemistry it is generally practised for the purpose of scpaiatmg a cleai Injuid 
from a precipitate which has settled to the bottom of the vessel Washing by decant ttioii is 
performed by stirring up the sediment with pure water, allowing it to settle, and then pounng 
off the cloaj hquid, andTepeating the operation until all the soluble salts aro extracted 
DEOLIH'ATTON {Dedino, to deviate from.) The angular distance of a celestial bc»dy 
from the equator, measured along a great circle passmg through tho body and the pole of the 
equator 

Declination circle See CircU of the Cdatml Sphet e 
declination compass See Dedmomaer 

declination, magnetic a magnetised needle free to move in a horizontal plane, 
takes up a definite position which depends upon its place on the eaith's surface At ceitam 
places it pomts due north and south, but in general it makes a small angle with the geogiaphi- 
cal north and south Ime, and the Ime in which it points is frequently called the line of niuf/nttic 
north and south A vertical plane passing through the points where this line cuts the hniizon, 
18 railed the plane of the magnetic meruhan, just as the vertical plane, taking in the true north 
^d south pomts, is called the plane of the geographical meridian , and the angle between these 
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two planes is called the magnetic decimation In England this angle amounts to nearly 20® at 
present (See also Magnetism, TtrrcstriAl ) 

DECLINA'PION NE K DL 11 Anotiicr name for the Declinometer, {q v.) 

DECLINATION PAliALLEL SeePmalld 

DECLINOMETEIi, (Dcrhnn, to deviate from , and fxerplu, to measure ) Is an instmmpnt 
lor meastcnqg the magnetic declination or the angle which the piano of the magnetic mendiia 
mahes with the plane of the geogn^ incal meridian There are several forms of declinometer 
We sliall describe ona of the most useful here Under the head Magnetometer, Gauss’s, and 
Balance, Btfilar, will be found a descniition of the mstniment used in observatories , and under 
Ol/scnatory, Mw/netic, some remarks on the self-recording instrument A dechnometcr, m 
order that it may be of use as a portable instrument, requires first a needle for showing the 
magnetic meridian, and secondly an arrangement for determining the geographical meridian, 
and for comparing the two together It consists of an ordinary compass with the needlo very 
delicately suspendctl, and liavmg marked on the card a ciicle divided into degrees and quarter! 
of a degree To the o^iposite sides of the compass box, at the points marked 90° and 270", aie 
attached two ujinghts which carry a telescope on a horizontal axis The telescope is arranged 
to determine the greatest altitude, and thus obtain the geographical meridian The whole 
compass box, with the telescope attached, and famished with a vernier moves on a siacluatcd 
circle which is supported on a tnpod and is capable of being adjusted horizontally by means 
of levelhng screws Suppose then, that either by taking the greatest altitude of the sun 01 by 
observing a star, i^hose jiosition is known, the plane of the astronomical meridian is ascertained 
and the comjiass box placed so that tlio line of the telescope shall be in it If then the cim.- 
paas needle stands at zero of the circle m which it moves, the declination, of the place is zcio 
Jfiut if It does not, the angle to which it pointa east or west of the zeio point can bo read oC and 
IS the declination angle fur that locality 

DECOCTION {Decoqno, deeoctiis , dc, from , etxjKo, to boil ) The act of boiling a substance 
in water, or other liquid, ^or the purpose of extracting its snlnhlc constituents The same term 
IS also used for the solution which has been prepared in this manner Thus wo speak cf a 
decoction of logwood 

DECOMPOSITION OF LTOHT White hght consists of the vanons colours which comti 
tute the spiotium , it may be decomposed into its component colours in many ways , hyrcfiat- 
<1011 through prisms, hy rtfliHion from coloured surfwes which absorb some rays and reflect 
others, or by tiansmission through colouied media which allow some rays to pass and stop 
others The colouis of thin plates, of grooved surfaces, and those shown by polarised light and 
diffraction are piodiueAby intcifeience 

DJCCli EP 1 Tj\TIC!?w (Dectepo, dc, from, and crepo, to crackle ) A crackling noise made 
when eeitam salts, cldondo of sodium for instance, are suddenly expo‘'cd to Jicat It is giiie 
rally caused by the expansion and volatilisation of the water mechanically held within them , 
but it IS snnietiiiiea due to the dilleient expansion of the crystalhne layers 

DEEliKENT {Defrio, to larry from ) A term belonging to the Ptolemaic system, {q i ) 

DJiPJiECTION (Peflicto, to turn aside) A ray of light or heat is s,u<l to be UeJleeted 
when it 18 tinned aside from its original path (See Pefraction, Jlrflcrtiim , Inilcttwii ) 

DEGKEK f)F LATITUDE The distance separating two stations on the exrth, both nn 
the same longitude-circlc, at which the elevation of the pole of the heavens differs by exactly 
one degree 

One of the earliest problems of exact astronomy was the determination of the length of a 
degrt'o of latitude on the earth’s rurface , and, considcimg the instrumentil means of 
the ancient istronomcra, they solved this problem with surprising accuracy Tt may seeni, 
indeed, to those unacquaintexl with the nature of the problem, that the estimates of Eri-.tos- 
thenes and Ptolemy (ygj, and 59! English miles, respectively), u ere but rough , while the esti- 
mate \'f PoaidoniuB (68 95 English miles), may not unfairly be regarded as owing its acenraeV 
rather to accident than to the exactness of his observations Hut in reality an error of 10 or 
12 miles either way, in the solution of a problem of so much difficulty, must be regarded as 
very minute compared with what wc might have expected under the actual circumstances of 
the case 

binee the invention of the telescope, the problem has been attacked under more favourable 
conditions But we must regfard rather os a happy guess than as a legitimate conclusion from 
the observations which had been made m his time, the suggestion Tnnflo by Huyghens, th it 
the degrees of latitude may vary m length on account of an oblateness of 6ie earth’s figure, 
resembling that observed in the figure of Jupiter Observations spesially made to test this 
opmion (which was confiimed by the calculations of Newton), led to a rather perplexing result 
Cassini 8 obsor V ations caused bm to conclude that the degrees of latitude grow shorter as the pel® 
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is approached, and he thought, at first, that this result corrcsixmded with the theory that the 
earth is flattened at the poles When it was pointed out that the direct icver‘«e is the case he 
still asserted the accuracy of his observations , and tlius for a time the figure of the earth ’was 
regarded by French astronomers as that of a prolate instead of an oblate spheioid llcjwever 
expeditions subsequently sent out to Lapland and to the equator, ti» set the qucition at rest 
resulted in the discovery that the degrees of latitude grow perceptibly loiiger^towarTls the poles 
of the eaith It is readily seen that this result proves the oblatencss of the earth ioi, if we 
consider an ellipse, we see that the curvature is least at the ends of the minor axis , in other 
words, the curvaturo corresponds to that of a larger circle at these points than elsewheic 
From the ends of the major axis to those of tho mmor axis, the curvature corresponds to that of 
j, continually increasing circle, so that the degree divisions also continually increase Tho 
figure of the earth, then, is shown by these measurements to be that of a flattened oi oblate 
spheroid Later measurements have placed this result beyond all question The following 
tabic, from Sir John Horachors Outhnes of Astronomy, indicates the mean length of a degree of 
litituJe as estimated from observations made at various stations, and by diileient observers — 


Country 

Latitude of 

Middle of Arc 

Arc mcisurcd 

IVfcan length of a degree 
at the middle latitude, 
in feet 

Sweden, 

66«2o' 10 0" IT 

i“j 7 ' T9 6" 

• 3 '> 5.744 

Bwc(l< n. 

66 19 37 

0 57 30 4 

307,006 

IfuesiA, 

58 *7 37 

3 35 52 

365. 

Iviueia, . 

56 3 SV S 

8 2 28 9 

j 6 'i,s 9 * 

Prussia, 

54 58 20 0 

I 30 ^tj 0 

365,420 

D um irk, 

S 4 8137 

1 31 53 3 

365,087 

Hanover, , 

S2 32 lO 6 

a 0 57 4 

365.300 

Imgl ud. 

S 3 33 4 ' 

3 57 13 I 


l< ngland. 

52 2 19 4 

2 50 23 5 

361,051 

France, 

46 $2 2 

8 20 03 

364,872 

France, . 

44 S* as 

12 2.2 12 7 

364,572 

Hume, , 

4 * 59 

2 9 47 

364,26a 

America, . 

39 12 

I 28 43 u 

363,786 

I dia, 

16 8 21 s 

15 57 407 

363.044 

tndia, 

12 32 20 3 

I 34 56 4 

36-1756 

Pen, 

( 'apo of Good Hope, 

I 31 0 4 S 

3 7 3 5 

362,790 

33 18 30 

1 17 5 

364 713 

C'poof Croud Hope, 

35 43 20 0 

3 34 34 7 

364,060 

-Tk 


Of those measurements, taking them in order, the two Swedish are due to Svanberg and 
hi lupertui' , the two Russian to Struve, andtoStiuvo and Tenner , the Prussian measurement 
was madu by Bessel and Bayer , the Danish by Schumacher , the Hanoverian by Gauss , the 
two Luglish measurements were made by Roy and Rater , the two French by Lacaillo and 
Cassini, and by Delanibre and Mcchain , Boscovich made tho Roman measurement , Mason 
and Dixoii the American , Lambton, and Lambton and Everest the two Indian , Lacondanune 
and Bouguer the Peruvian , while the two measuicments at the Cape of Good Hope were 
made, respectively, by Lacaillo and Miclear 

It w ill be 01 ideiit, from this table, that the increase tow arJs the pole, which proves oblateness, 
really does take place, though here and then- discrepancies exist, duo chiefly, no doubt, to errors of 
observation, but partly also to real irregularities in the figures of the eaitli’s meridians Theso 
iircgulanties are, how ever, by no means sufficient to lutei fere with tlic general run of the evidence 

More recently, a senes of very careful measuromeuts has been made m India under the 
supermtcodcnce o&Rir* George Everest From these measurements, the length of a meiidionol 
degree was found to be, for latitude 26° 49', 303,606 feet, and for latitude 21° 5', 363,187 
feet These results accord well with those in the preceding table, and justify the following table 
Wrlueh exhibits the estimated length of a degree of latitude m feet foi eveiy tenth degree — 


Latitude 

Length of degree in 
LngUsh feet 

Latitude 

Lengtii of ilrgrce in 

Ji, ig ish lect 

08 


so’ 

364,862 

10 


Co 

365.454 

20 , 


70 

363,917 

30 


80 

366,252 

40 

HiiiH 

90 

366,361 


See also Earth. 
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DEGREE OE LONGITUDE A degree of longitude on the earth is a degree of arc on the 
circumference of any latitude-parallel It' will be seen by a reference to latituth and longUudc, 
that the estunatioii of a degree of longitr^de la a problLin of much greater dimculty than the 
estimation of a degree of latitude Por in measuring a degree of latitude the observers can 
always dctermmt the laUtudo of cither end or of any part of the aic they are engaged upon, 
with grearease and with the utmost certainty, whereas the exact determination of the real 
longitude of any part of an arc of i latitude pamllel is a problem of great dithculty Ihe 
geometrical processes aire, of course, the same in both instances , the me^urement of an arc of 
longitude is as effective towards the determination of the earth s figure (supposed symmetrical 
about its polar axis,) as the* measurement of an arc of latitude , while, supposing the 
iiregulaiitics of the earth's figure to be appreciable, it is absolutely necessary that measurc- 
meiit sliould lie made lioth in longitude and in latitude It is therefore satisfactory that 
attention has been bestowed upon the impoitant problem of measuniig extensivo arcs m 
longitude, especially as telegraphic communication has now become so complete as to havo 
in greit jiart removed the difficulty depending on the determination of the longitudes of 
stations along any arc which is to be measured The chief astronomers of Europe are at 
piesoiit engaged iii completing a trigonometrical survey by which an arc of longitude extending 
fioin Oisk 111 hibeiia to Valentia m Ireland is to be measured The following table shows the 
effect of the comjires^ion of the earth’s figiiie according to tho value at present accepted , ami 
it will 1)0 easy to infer the nature of the quantities to be determined in ordei that the actual 
dcpaitiirc from thq. spherical shape may be deduced from the measurement of arcs of 
longitude — 


Latitudo 

Length of degree, m 
geogniiihical miles, 
suiijumng earth 
!>pliericaL 

liength of dei^reo m 
geographictil miles, 
with tho atcopted 
value ol the earth a 
compression 

Exress duo to 
eUlptlcity 

0? 

Co QOO 

60 000 

0 000 

10 

5g oBS 

59 094 

0 006 

20 

s6 tSia 

56403 

0 021 

30 

51 !>f>* 

52 004 

0043 

40 

45 

46 021 

0058 

50 

3B 567 

38 642 

007s 

Oo 

30 WO 

30 074 

0 071 

70 

g 20 521 

BO 581 

0 060 

80 

^ 10 419 

XO 4<;2 

0 033 

go 

0 000 

0 000 

0 000 


To ledin e these results into English feet, it is necessary to remember that a geographical mile 
contains 60,456 Enghsh feet Thus, since the above tabic gives os the excess due to ellipticity 
o 075 for one degree m latitude 50" , we find that a degree of longitude in latitude 50“ should 
bo greater thin on a spherical globe of diameter as great as the earth’s equator by 453 English 
feet Such a difference would of course be readily determineil, but it is by a minute fraction of 
this difference that any error in the accepted estimate of the earth’s compiression is to be 
detei mined 

DEO REE OF TEMPERATURE See Thermometer 
D EGREES OF INCANDESCENCF Sco Pyimneter 

DELIQUESCENCE (Xftiw^itcsco, to melt away , cfe, from ; ^ijMesco, to become fluid ) Tlie 
property which some compounds, such as chloride of calcium and phosphoric auid, possess of 
rapidly absorbing moisture from the atmosphere, and dissolving therein 

DEEPHINUS (Tho Z)o?p/ii(i ) One of Ptolemy’s Northern constellations It consists of 
a well inaiked cluster of small stars, bounded toxvai-ds the north by a space singularly clear of 
lucid stars In the Palermo catalogue the two stars a and |3 are called Svalocm and Rotanev 
respectixely These names appear to be merely the inversion of the name Nicolaus Venator 
DKNER ADIGE (Arauie ) The star a of the constellation Oygnus It is also called 
A>id((l 

DENEB AcEET (Arabic ] The star /9 of the constellation Leo It is also called DcTiebola, 
and sometimes simply Deneb 

DINNER ALGIEDI (Aiabic ) The star 5 of tho consteUation Gapneomus 
DEX EBOLA. (Arabic ) Sec Deneb Aleet » 

DEXSrrY {Demus, t^uk) This ternn is used m physics to denote tho ratio of the 
quantity of matter m a body to that in an equal bulk of some standard substance The 
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standard for liquids and solids is water at a temperature of 4“ C (39 3 ° F ) , that lo to ly, at 
tue temperature at which a given weight of water occupcs the least bulk I'oi gwes hj 'nx.en 
lb usually taken as the standard The quantity of matter in a body is teniied its maS' Unite 
t' c densities of two bodies aro directly proportional to their masses, and inveisely inopiiitKiii^ 
to their volumes At the same spot on the earth’s surface mass vanes’ txaetl^j, as tlit. n tight, 
hente at the same place the density and the specific gravity of the body will be the s uric 
density, electric a term mtroduced by Coulomb in connection with hn espeii 
ments on the distnbution of electncity The electric density at any point of the suifaet of a 
conductor may be dehned as the quantity of electncity per unit area at that point (Sec 
Llecti ostaiics j Ekctneity ) 

DENSITY, INFLUENCE OF, ON SPECIFIC HEAT Sec 7 /mi 

DE^fSITY IN TRANSPARENT MEDIA, DETECTING DIFFEliENCES OF Sec 
IFtties in Air, Instrument fm llendcnnfj Visible 
density of THE EARTH Sec Aatth 

DEOXIDATION The partial removal of oxygen from any substance, without, however, 
totally absti acting it , in the latter case reduction is the more usual expression 
DEPOLARISATION The thm plate of a doubly refracting crystal, winch c''uses the 
1 roduetion of colour when placed between the polanser and analyser of a pol.inseope, is soirie- 
times ealh'd a dejiolansing him or depolariser, and the action which it exerts on polarised light 
IS called dejwlansation The depolanser doubly refracts the plane polansed light uJikIi is 
incident upon it, resolving it into two rectangularly polarised systems of wavts vvhiih tiaveise 
the plate with different velocities (See Polanacope ) Tlie tenn depolarisation is always im- 
ployed, hut it IS not strictly accurate It would bo better to call the phenonienou t/qiolaii^a- 
ti 11 ii the ray of polailsed light is not, strictly speaking, dq>oIaiiscd, but duplicated (See 
lotaiiiK'l TA'iht ) 

I^LPRESSION OF THE HORIZON Dip of the Horizon 

DI'jRlVED CURRENTS A term relatmg to the dividing up of an clootnc cun cut by 
giv ' ’ it more than one course to follow Suppose a cell or other rheomotor to be tiajisniittiiig 
a ( uircnt through a wire, and suppose that at any two points m tho wire the end of a sc( mul 
wiie are joined on, at one of these two points the current splits up, part iiassing thrf.ugh each 
wire, VE 1 at the other it again unites , tho total quantity of current passing is iiieieascd by 
the 1 uih ig in of this extra wire since the external resistance is diminished The following ti mis 
an used iti connection with tlus subject The original current which was passing hifoto the 
rntri hie*ion of the second wire is called tho pnmilne cuncnt, the total current whicli passes 
uftci tlie introduction of the new route is called the principal currer^ Between tin two 
jirnnts ji St mentioned tho principal current traverses two circuits , that part of it wbnli goes 
tbrougli me oM tvire is called Xhn partial current , and that part of it which passes in tin new 
wire IS called the derived current 'J'heru may, of course, be any number of wires nisciteil into 
the circuit in this way , each of them will carry a portion of the current, and according to tin 
foiloiviiig law, that the amount of the currents ui the several courses ore inversely propoitioi A 
to the iLspective lesistanccs of those couises 
DLS( ’ENDING NODE See Node 
DEhlLVJ'lRISATION BKOCESS See Lead 
deviation, angle of least See Angle of Least Deviation 
DEVIATION OF THE COMPASS A term almost synonymous with declination, which 
It means the angle made by a compass needle at any place with the tiue north and south 
hue 

DEVIATION OF THE LINE OF THE VERTICAL A plumb line does not in all 
pi ices hang verticallyi^dewiiwards Near a mountain, for example, the weight is somewhat 
attneted towards the mountain, as is seen in such a case as Mjskclync’s Schehallieii expen- 
nieiit (See Eaitk ) But it has also been foimd that tho plumb-line assumes a noii-vntieal 
direction where there is no neighbounng elevation to account for the phenomenon In tho 
neighbourhood of Moscow, for example, Russian astronomers have fuiiml this to be the < aso , 
and dome similarly anomalous facts have been noticed during the survey of India Doubtless 
the deviation is due to the existence, either of subterranean masses of great density on tho side 
towards which the pliimb-lme is deflected, or else of vast subterranean cavitu s on the' contrary 
sine Whatever be the real explanation, it is obvious that the oliserved fact is one of extreme 
importance, and that in all gendetical processes the possibihty of enor arising from such 
should be carefully considered 

DLW A deposition of moisture from the air, caused by cold 

It was observed in very early times that dew is only dejiosited on clear nights, and that such 
^ghts are coiamonly cold Hence it was concluded that the muon, planets, and stars, pout 
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down cold upon the earth, and that this cold generates dew Aristotle was the first to suggest 
a more tangible explanation of the ph^iomena of dew He observed that dew is generally (or, 
as he supposod, aluiuys) formed in serenV weather, and that it is not formed on mountain heights 
He argued that the disturbance of the air interferes with the formation of dew How he re 
garded_^he vapour otVvater as a mixtuie of heat and water, and he reasoned that such vapour 
cannot extend to any gre4at height, because the heat woulil get detached from it nor can it form 
111 windy weather foi a like reason Hence he concluded that dew is produced by the fall of 
water, abandoned by the heat winch had raised it, an4 he was able to jiut forward a very 
obvious luason, founded on bis news respeetmg vapour, for the fact that dew is not seen in high 
places, 01 in windy we^atlier He derided the notion that the stars, planets, and moon, cause 
dew to be precipitated, aigumg that the suii is the true cause, “ smcc his heat raises the vapoui 
from whuh the ilcw is formed so soon as that heat is no longer present to sustain the vapour ” 
In the middle ages pliilosofihcrH fireferred the a lew which attributed the foimation of dew ta 
the stars Biptista Porta, however, adduced evidence showmg that this view is erroneous , foi 
he found that dew is sometimes deposited on the inside of glass windows, and that a bell glacj 
jilaced over a pi mt in cold weather is more copiously covered with dew within than without 
He notice d also that some metals arc more copiously moistened with dew on their under than 
on then upiier surface But though Porta hail thus shown skill as an observer, ho was jet 
unfortunate 111 rejecting that part of Anstotlcs theory which was alone correct Instead of 
Mcwiiig dew as arising fiom the condensation of vapour. Porta thought that the oir itself was 
condensed • 

The progress of observation next brought to bght tacts which have a most important bearing 
on the subject of clew Muschenbrock, i»i makmg experiments on the quantity of dow forming 
at different heights fiom the giound, discovered that dew forms much more freely on some 
substances than on others This showed with tolerable eleamess that the precipitation of dew 
13 not a regular process, (eithei of jireeiintation oi deposition), going on merely according to the 
state of the atmosphere , for, under such a process all objects would bo moistened alike It 
Beemed clear that in some way the dew must be drawn fiom the air by the object itself which 
it moistens Thus attention was again attracted to Aristotle’s theory that dow is caused by 
the condensation of vapour But it was recognised that Aristotle’s explanation requires to be 
modified, and instead of supposing the condensation of vapour to result in such a way as Ans 
totle snjiposed, it was held that there is simply a discharge ot vajiour from the an, caused by 
the cold jf the object on which dew is ri en to form Expciiments were applied to test tins 
view, and all cloubt was removed by their success It was found that, whenever a cold body is 
introibieed into an atmosjiliere which contains much aqueous vapour, a portion of the latter in- 
variably condenses and forms a dow upon the cold body The familiar experiment of breathing 
ujioii a window is jierhajis the simplest illustration of the phenomenon m question 

Thu piinciple thus established is most important It is simply this To air at a given tem 
peiature a eertaiii imijiortion of aqueoi s vapour may be added without condensation resulting, 
but if 111 any way the temperature of the air be sufficiently lowered, there will presently follow a 
condensation of a portion of the aqueous vapour 

It should be atlded that this fact had been clearly enunciated before Dr Wells began the 
researches now to be described , so that it is a mistake to include it among the results of those 
lesearthcs, though the evidence sujjpbed on the pomt by Dr Wells’s experiments is most 
mtercsting and convincing 

We owe to Dr Wells the most complete and thorough investigation yet made on the sulijcet 
of dew His observations weie mule during the years 1814-17, m a garden in Suncy, three 
miles only from Blaekfnars Bridge He exposed little bundles of wool, carefully weighed when 
di-y, and estimated the deposition of dew by their increase of weight as the dew moistened them 
Pirst comparing the amounts reteivod on ditfeient mghts, he found that though cloudy 
weather and windy weather weie alike unfavouiable to the foimation of dew, yet that dew was 
at times formed on a cloudy night, and at times on a wmdy night , though never on a night 
that W'as both cloudy and windy He found, further, that the quantity of dew deposited was 
less or greater, accordim?- as the proportion of clouded sky was greater or less Yet he soon 
discovered that on clear mghts dew was not always formed with equal freedom Not only 
wore tliere differences apparently depending on the relative diyness of the air, but others, 
which he was unable to explain, w'ere noticed The cause of these pecubanties will be given 
further on Wells noticed also that the quantity of dew was less when the woolpacks were 
near any object which hid a portion of the heavens He tned the following expenment — 
I’lacing a board on four jiropa, he put one piece of wool on the board, another under it Ha 
found that though boti pieces of wool were equal in weight, each weighing ten grams, tha 
upjiennost cm a clear night gamed 14 grams m weight, while the lowest gained but 4. Agam* 
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he made a curved pastehoard roof over one of his woolpacks, and he found that on a nit,dit 
when the protected piece gamed but two grams m wi^ght, a piece placed on the top of tlie 
pasteboard gamed no less than 1 6 grams i 

Ne\t, making expeninents on the temperature of the air near his woolpacks, he found that 
where dew was most freely formed the mr was coldest Dr Wilson of Glasgow hml assorted 
that the formation of dew is a process producing cold But the experiments made by hj usohoii- 
brock and those who followed him, had shown conclusivoly that dew is the consoquonce, not 
the cause of cold We know, mdeed, that the condensation of aqueous vapour is a process dur- 
m'f which heat and not cold is given out (See Dew-Point ) 

But seeing, thus, that the formation of dew is caused by a dunimition of the temperature of 
the an, Wells set himself to inquire what his experiments taught as to the way m which the 
air beeumes cold He no longer imiuired, for example, why dew w as not formed imdei a paste- 
board cover, while above the cover dew was copiously foimcd, but why tho on^ under such a 
tijici, was not as cold as the air above it 

lie was thus led to the formation of his famous theory of dew, respecting which Dr Tj nd ill 
rciuaiks that "it has stood the test of all subsequent criticism, and is now uiuveisally 
accepted ” 

Dr Wells B explanation of the phenomena of dew is founded on this geneial principle, that dew 
results from tho condensation of the aqueous vapour of the atmosphere, on substances which 
hai e become cooled by the radiation of their heat 

All the phenomena of dew admit of being explained by this principle T|iu8 it had been 
noticed th it plates of metal w eie often dry when dew m as copiously deposited on wood or gn,ss 
'L'liis IS at once seen to depend on the well-known hict that metals aro bad r.uliatois of heat, so 
that tlie temperature of a metal plate, exposed m the open air at night, is higher than that of 
grass or wood similarly circumstanced Dew does not form freely on gravel for a similar 
leasoii On glass, which is a good radiator, dew forms ficcly Tho astronomer is often 
troubled by this quahty of glass, for on clear nights the object glass of his telescope will become 
tovc od with dew The way m which this is pi evented -lilords an illustration of the fact 
"ilieady notice 1 by Wells, that tho mere conecahng of a lurt of the heavens by an oiiaque 
sciecn will prevent the formation of dew If a cylinder of eaid or tin is placed on the end of 
the tube, no dew is formed. The leason is, that the radiation of heat from the glass is cheeked 
In the -anie way, of course, the facts observed by Wells aio cxjilamed The wool under the 
pisiiboiia cover did not radiate its heat into bpaco like the wool placed on the top of the 
COM 1 Dr Wells remarks on this fact, and the eunscqiicnces which flow from it — “ I had 
often, 111 the pride of half knowlege, smiled at the means frequently cm])loyed by gaidcners to 
jiiotect tender plants from cold, as it appealed to me impossible that offtlun mat, or any such 
flimsy sii'j‘ taneo could prevent them fiom attamiug the temperature of the atmosjiliLre, by 
vvliieli alune 1 thought them liable to be injured But when 1 had Icamod that bodies on 
tho surface of the earth become, dmmg a still and seicne night, colder than the atmosiihere, 
by radiating their heat to the heavens, I perceived immediately a just reason for the piaeliec I 
had hufoic deemed useless ” 

It will be seen, further, how completely Wells’s theory accounts for the two facts that dev/ 
IS seldom formed in cloudy weather, or when there is much motion iii the nir Wc see that in 
one case the clouds form a screen, checking the process of radiation, while, in tho other, the 
motion of the air, by bringing continually fresh air to the ncighbouihoud of objects which irt- 
radiating their heat mto space, prevents those objects from lowering the temperature of i 
dctmite portion of the air around them 

It remains only to be noticed, that tho circumstance that m equilly clear weather dew is not 
always forintal in equal ^pantities, is due to the fact that, when the air is clc ir, theie may yet 
he aqueous V apour mlts upper regions m quantities sulRciciit to cheek the radiation of heat 

Dr Tyndall reiiiarks that, though valuable facts have been aceumul ited reBjjeetmg dew by 
Mr Glaishcr, JI Martina, and others, little has been added to tho theory of dew birice I'l 
Wells completed his researches 

DKW-POINT Tho degree of temperature at which the vapour m the air hogms to he con- 
densed as tho air cools (See IJi/rjrumeter ) The determmation of the dew pomt is a matter of 
great importance to the meteorologist By comparmg the dew point with the actual tempera- 
ture of the air he can tell the relative humidity of the air Ho knows that at the actual 
^mperature the air would be saturated if it contained a certain quantity of moisture, while he 
that the actual quantity present is only such as would suffice to saturate air at tho 
observed dew-point , tlie ratio of this last quantity to the former expresses the relation 
between the actual humidity of the air and the humidity of saturation at the observed temperap 
tuie The dew-pomt in the evenmg further shows the temperature near to which the nununum 
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dunng the night is likely to he Eor when the temperature ha-i fallen so as to reach the rkw 
point, the aqueous vapour in the air w|ll be conilcnscd, and in this process a certain quantity (jf 
heat will be set free which will raise tjie temperatuie of the air Then the temperature will 
again sink by radiation slightly below the dew jiomt , dew will be deposited and the tempt ra 
ture will again he latscd, and so on through the night, without any fall of temjierature far 
below tUe deiv-pomt 

DEXTRIN , or, British Gum A gummy substance produced by the action of heat, diastvse, 
or acids upon starchf It owes its name to its property of rotating the plane of polarisation, to 
the right (dtutlrr, right) (See Vtrculiii Bofunsutio/k of Jjifjunis ) Its composition is the same 
as starch, , it possesses a light brown colour and a peculiar odour, resembling that of 

toasted breid , it does not crystallise, and has the appearance of Gum Arabic , it dissolves m 
water, and is largely used m the arts and manufactures. Postage stanips are renelered adhesno 
by means of dextiin 

DEXTROGYRATE AND LiEVOGYBATE BijlU and Left-?ianded PUai isatioii 

DEXTROSE Sec Sio/at 

DIAG0A1J',TE11 (diayu, to conduct , ftirpov, a measure ) An instrument invented bv Al 
Rousseau for measuring the conducting power of oils He used it as a method of examining 
their purity It consisted of a dry pile, by means of which a current was pissed through tho 
oil , and the strength of the current determined by a magnetised needle Want of conducting 
power, of course, diminished the current, and therefore the deviation of the needle 

DIACAUSTIO See Caustic 

DIACTINIG (Sia, through , and aKTiv, a ray ) Transparent to the actinic or chemical 
rays of light {See Actintsm ) 

DIAIi The di-al or sundial is a contrivance for determining tho time by means of the 
shadow of a straight rod on a plane surface 'fhe essential principle of the dial is that the roil 
shall point to the pole of the heavens Since the apparent motion of the sun due to the earth s 
rotation carnes him round the polar axis of the heavens at a rate appreciably uniform, tht piano 
through the sun and the rod must turn uniformly round the latter, and thus at any tiivcu hour 
of sol.u time on one day the shadow of the rod will have the same position on any plane as at 
the same hour of solar tune on another day It only rciiuiros, therefore, that a collection should 
be made for the eijmtion of time {q i ), in order that, from tho mdications of the dial, the civil 
or me in solar time should be deduced (See Dai/ ) 

DIALYSER Thepirchmcnt paper or sept am, stretched over a gutta percha nng used in 
the opciation of Duth/sis 

DIAI.YSIS lures, 5ta, through, and Xvw, to loose ) During his expenments on tho 

ditfusuiii of Inpiids, f’lofeSMir Gr.iham dl covered that solutions of certain bodies pass through 
incinlii viics iMtli considci ible ficditi, uhilst othcia jiass thiough very slowly Ho soon found 
that tho former <1 iss (Uihraccd bodies which ivue of a ciystilline character, such as metalhc 
salts, and orginic boilus, such as sugar morphia, and oxalic acid , whilst tlic latter class (.mi- 
sistcd of bocliis del Old of ciystalline power, such as gum, albumen, gelatine, &c He thc'icforc. 
gaie to one class, consisting of easily dilTusible substances, the name of ci ystaJLloid, and to tho 
other the n lino of loUoul Atnongbt the ciystalloids alcohol is classed, and amongst the colloids 
111 iiiy suliihle oxides, which aie in an iiiiciystalbne modihcation, such as liydi ited solulilo 
Hiliclc acid, soluble sescpuoxide of iron, soluble aluimna, d.c The must coiiieiiiciit ihiidiiig 
him oi si/itilm, as the discovcicr named it, is mode of jiarrhmcnt paper A sheet of this sul) 
stance IS stictchcd over i gutta piiclia hooj), and its edges .arc well diawn up and coiihnedby oi 
outer hoop , it is then allowed to flo it on a basm of pure water, and in it is pouicd .a imvi d 
Holution of colloid and crystalloid Diffusion commcnceH at once , the crystalloid rajmlly p is^ts 
thiough and dissolves in the pure witu beneath, whilst the colloid,,foi J;ho most put iciu.uns 
behind I’lofcssor Gialiam giiic this jiioccss of scjiaiation tile name ox lUabjsis, and it is now iii 
Constant use m chcinic.al hiburatorica foi effecting separations which would be extremely ddhciilt, 
if not impossible, by other processes 'L’hus, grocl or broth, containmg a very little aiscmc 
{aiaenious acul), dissolved in it and submitted to dialysi.., gives up the whole of its arsciuc to 
the jmie water, whilst sc.ircoly a trice of the oigaiiic substances pass through The arsenic can 
be detected With tjic greatest facility in tlic watei, although if it had remained mixed with tlie 
gicat excess of organic niattei, its separation and detection would have offered consulerable 
dilficultics In cases of suspected ]ioisoning the course now generally pursued is to jiour the 
wliole contents of the stomach, or other liquid which the an dyst has to examine, upon a dudysei, 
and .iftcr .illoinng it to stay them for twenty foui liouis to examine the aqueous solution 
Almost ill tho poisons in common use, such 6W aiscmc, sti i/rhnviief corrosive sudihoiatc, oxtthi 
acitl, aecintc of had, niorp! <' , (the active agent in laudanum and opium), being n ystaUoids, cosily 
pass thiough, and the work of the toxicologist is v ery much simyiliffed, as he has only an aque 
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ouB solution of a comparatively pure siibBtance to deal with, instead of a highly complex mixture 
of oro’anic substances If urme is dialysed and the aqueius solution evaporated and cxtr leted 
mthlilcohol, pure urea is obtamed in beautiful white crystals (See Paicktneat Pu^jci , 

5 I0I1 of JjiffUlds ) 

DIATi K A T.AMIDES See Amides 

DIAMAGNDTIU (5ti, through ) A term due to Faraday, and first used by him nr dcscnb- 
ing hit' discovery of the action of magnets on light He defined it then to mean “ a body 
through which the hues of magnetic force are passing, and which does not by their action assume 
the usual magnetic state of lion or loadstone ” {Phil Trans 1846) But before long ho had 
proved the action of magnets upon all bodies, had called them all magnetic, and divided them 
into two classes, pai amai/nelic anil dmm/vjnetie, according to their action in and upon a magnetic 
held In expeniiientiiig optically upon heavy glass, as described m the article above referred 
to he was attracted by an action which he observed of the magnet on the glass itself He had 
a bai of glass siispeudcd horizontally between the poles of a powerful\ electro magnet, 
and ho found that on making coimectiou with the battery, and thus pioducmg a magnet, 
the bxr of glass, if it were out of this position, immediately swung roimd and placed itself 
with its longci axis across the line pimng the poles of the electiu magnet , 01, cqaatoiiady, 
(he calls the line which joins the poles the nxial, a hno perpendicular to it the cqtiatoual line ) 
The bar on being displaced from this position swings back to it again, and after a few osi illations 
comes to rest as before It thus takes a position perpendicular to the lines of force and at right 
angles to that which would be taken by a similar bar of iron or nickel , these being in stable 
Liiiulibimiii in the axial direction, that is, parallel to the line joining the poles of tlie magnet 
If the hiT of glass was placed ncarci to one pole than to the other, it set as Lefoic ciin ituiially , 
but it w 's also found to he repelled from the nearest pole , and if it was placed a little to one 
side 01 the axial hue it was driven farther from this line, and turned with its length perpen- 
(heubir to the lines of magnetic force Tho effects were very similai when one pole of the 
magnet w s made to act alone on the body , and the repulsion was well manifested on using a 
b di 01 a cube of glass instcail of an elongated bar He then jiroceeded to exanime a 1 vrge 
nun II r of otlur bodies of all kmds, simple and compound, oiganic and inorganic, tiansparent 
and opaque , inJ ho gives a list of fifty six m his first paper on the subject {Phil Tnins 1846, 
ji 2 £), all ot which he found to he acted on by the magnet, and ,ill ui the same way as tbe heavy 
gla 1 Liquids ..md gases were eiielo-'ed m tubes and thus examined Tho conrlnsiou he 
can I to u^Ur a long senes of oxpcruiients was tlus, that all bodies arc acted on by the magnet, 
<iiid in <y be divided into two classes, those which are affected like iron and nickel, which are 


attract! I by the magnet and set axially , and those which aro affected like heavy glass, which 
.ire rij elled by the magnet and set cquatoiially , and those he 8ul)se([iicn§iy called jmianiaqnelic 
and Utiti iiir/netii, respectively , and he ihoued that the motions displayed hy diamw/iiflK bodies in 
n, mujiuin I are all 1 cducifde to one simple law, namely thvd the pai lulls of the Uiamayiielu tend 
to mote into the positions of uiahcst nuiyutlic forre 

Of the laigc number of bodies he examined he found that tho greatest parts wore diamagnetic, 
he tested a luge number of crystals, rock crystal, sulphate of ealeiuiu, suljihate of biiiuin, 
alum, Lc Of organic bodies, hquul and solnl, alcohol, ether, wax, caoutchouc, blood, mutton, 
beef, katlici, apjilcs, bread , also water, sulphuric acid, liydro chloric aeul, and many others, 
and found these diamagnetic , he also cx.anuued the Tin tals, and of these he addi d a few to the 
magnetic class, which already contained iron, raekel, and cobalt, namily, jilatimim, pallidium, 
titaminii, iiiangai ese, corn m, chromium, and osiimim The others, bismuth, antimony, zinc, 
&c , wue found di unagnctic Ho proved also that m whatever st ite a body is, wlielLei simple 
Or compound, it still pro luces the same effect Thus, m the case of a eomjxjund each of tno 
tkmeiits of which it consists produces its own effect, and the result obtamed fiom the body 
uejicnds on ivhethcr tlie magnetic or the diamagnetic part, if there ho both, jm popdci ates 
On examining still farther, it appears that there is still a condition to be taken aieiuiiit of — 
namely, tlmt which depends on the mediimi 111 whicJi the body is placed To dctcriniiie the effect 
made use of tho law which we have just mentioned — that each toinponciit of 
the body produces its own effect He found that sulphate of iron is strongly par 1111 igiietiq, 
and knowing that water 13 diapaagnetio, ho was able to jiroduoo three solutions of different 
strengths, with w hioh ho proceeded with the following cxjienmcnt — Filling gla^a tubes with 
each of the solutions, he found that they all pointed axially — that is, exhibited jiarainagiietio 
Properties when suspended in air He then took vessels containing the solutions, ami suspended 
ne tube m these solutions under the infiucnce of the magnet Faeh tube whe'ii in its own solu- 
quite indifferent,^ or pointed slightly equatorially, owing to the diamagnetic jiropcrty 
the gl isa of which it was constructed , but on suspending them in the other solutions, it was 
ound that a tube suspended m a solution weaker than that which it contained was para- 
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magnetic, a tube suspended in a solution stronger than its own was diamagnetic It appeared 
then, that the explanation of the phenomenon must stand in this way, that all bodies have a 
tendency to move into the stronger paj;tB of the magnetic field, but that some have more power 
than others, and that any body is paramagnetic or diamagnetic according as it is surrounded 
by a medium whose ^wer is weaker or stronger that that of the body itself 

He t&en proceeded to examme gases, and here at fit st he was unsuccessful , for he could 
obtain no result but a negative orn, —namely, that gases and a vacuum arc not different in power 
The difficulty was, that he require d to enclose the gas m a glass tube, which, being diamagubtic 
itself, and of large mass compared with the mass of all the gas, rendered the effect produced by 
the gas insensible Afterwards, however, be returned to the subject, and by diivmg a stream 
of gas towaids the poles, he found that, m the case of oxygon, the stream turned axially, and was 
attracted into the axial line , but all other gases he examined were diamagnetic It appears, 
however, probable, from the later experiments of Graham, that hydrogen is paramagnetic On 
examining the gases again in glass tubes, with the assistance of a torsion balance, Faraday w is 
able to compare the magnetic powers of the vvnous gases, and the powers of the some gas 
under diffcicnt conditions, as to pressure and temperature 

Some farther information on this subject will 1x5 found under our article on Magnetism, and 
the list of the order of bodies as to magnetic power determined by Faraday is given there 
For full information on this hubjcct, however, the pipers of Faraday himself, ought to be 'nil 
suited They are published in the Philosophical Transactions, from 1846 onward, and reprinted 
in vol iin of hiH»Experimental Kesearches (Sec also Duimngnctism by Professor Tyndall ) 
DIAMETEll, APPAllENI’ (iiti, through, and /urpov, a measure ) The apparent dia- 
meter Ilf a heavenly body is the angle that body subtends as viewed from the earth 
DIAMIDES See Am7dcs 
DIAMINES SeoilmicZcs 

DIAMOND (Cornijited from aSafias, aSa/uniu-os, adamant, from a, not, and Bapao, to 
break ) Pure carbon in .1 transparent cTystalliiic foim, and the hardest substance known (lo 
on Mohr's scab) (See //nidjicss 0/ Jlfinrmls ) Spccahc gravity, 35 to 36 It is generally 
colourless, but soinctiincs tinged red, orange, yellow, gicen, or blue The milex of refraction is 
2 439, being exceeded only by chromate of lead and orinment (See Index of Keftactmi ) It 
18 unaffected by any liquid, and infusible at the highest attainable temperature Before the 
oxy-hydrogen blowpipe it groilually Inii-ns away, and the same takes place when it is heated 
white hot, and plunged into an atmovphere of oxygen, carbonic acid being produced AVhm 
exposed to the mteiisi heat of the* voltaic are, the diamond becomes converted into graphite 
Besides its value as a. gem, it is of gieat use in the arts and maiiiifaeturcs Diamond dust is 
used foi cutting aiid^iolishing other gems , the edge of a native crystal is used by glazieis f'>r 
cutting glass , a sharp point is used for scr.itehmg and engraving on gloss , a splinter is also 
used as a tool for timiiiig glass lenses in a lithe , and rough diamonds, too impeifect to be used 
as gems, are mounted as boring tools for jxirforating rocks 3 [any attempts have been made to 
prepare diamonds artificially, but hitherto they have* been unsuccessful 

DIAPltANOGS (Sia^avijs — 5 ia, through, and tpaivu, to shme ) Transparent, allowing 
light to pass through 

DIASTASE A white amorphous substance soluble in water It is extracted from malt, 
and IS the substance to which that body owes its piopeity of converting starch into dextiin 
(See DrxU i 7 i ) 

DIATHERMANCY ( 5 io, through , OepuTi, heat ) A term employed by Melloni t" 
designate the property of transmitting ladiaiit heat It therefore corresponds to transpnrenn,' 
in the case of light, and the expression “ traiisp irent to heat-rays ’’ is occasionally emjdoycd 
If we have a source of heat placed near a thermometer, a nsc of the mercury will be proiluccd , 
if now a thin pLite of rock-salt is introilueed between the source and the thermometer, the 
merinry will fall but slightly, bi cause the rock-salt permits nearly all the heat from the source 
to pass through it, in virtue of its diathcftnaiicy , but if a plate of the same thickness of 
selenite or amber is placed between the source and the thermometer, a very marked difference 
will be observed, nearly all the heat will be cut off, and the thermometer will therefore indicate 
a very slight rise of temi'eraturo, because selcmte and amber jiossess veiy slight diatheimancy, 
that is, they are more or less opaq 7 ie to heat rays Rock-salt is said to be a diatlirrm/Mtoui 
tvbttunce, while selenite and amber are called afA« mnnoua mhstances (a, not, depnij, lieat,) hut 
this latter term is not much used because all substances allow a certam amount of radiant heat 
to pass through them The followmg table show's the diathermancy of various solids to radiant 
heat from different sources The total radiation from each source was first measured by a 
thermo-electric pile, am- delicate galvanometer , a plate of the substance one tenth of an inch 
thick was then introduced between the face of the pile and the source of heat, and the dinunutien 
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of transmitted heat (as shown by a decreased deflection of the needle of the gah anointtcr), was 
noted 

Table SHOWiNO THB Tbansmission OP Ramant Heat, emanating from DiPFLurLT Sources, 
through various Solids op a Uniform Thicknfbs Total radiation = loo The 
following numbers show the percentage of the total radiation transmitted {Mdluiu ) 


Kameis of ‘lubatances employed 
Ihiekuess = 26 millluietres, 
inch ) 

Locatelli 

lamp 

Incandescent 

platinum 

Copper at 
400“ 0 

Copper at 
IQO'^ C 

Hock salt. 

92 

92 

92 

92 

^leilIan sulphur. 

74 

77 

60 

54 

Fluor spar, 

7a 

69 

42 

33 

Beryl, 

S 4 


13 

n 

Iceland spar. 

39 

23 

6 

0 

Glass, 

30 

?4 

6 


Bock crystnl ftransparent), . 

38 

28 

6 

3 

„ ,, (smokyj. 

37 

28 

6 

3 

Chromate of potash. 

34 

28 

15 

0 

White topaz. 

33 

24 

4 

0 

Carhonete of lead, 

32 

23 

4 

0 

bulpliate of baryta. 

24 


3 

0 

t clclspar. 

23 

19 

0 , 

0 

Violet amethyst, , 

21 

9 

8 

0 

Artilleial am her. 

21 

5 

0 


lio ate of sod i. 

i 3 

12 

8 


(irei 11 tonrmalmc, . 

18 

16 

3 

0 

Common ^lUj 

18 

3 

0 

0 

beUnlte, 

*4 

5 

0 

0 

Gillie leid, 

11 

2 

0 

0 

Tartrate of potash. 

II 

3 

0 

0 

^atUlal aiiiher, 

TX 

5 

0 

0 

Alum, 

9 

2 

0 

0 

bugar candy. 

8 

z 

0 

0 

Ice, 

6 

0 s 

0 

0 


Wi, notice m the above table that with the exception of rock-salt, the diathermancy \aiieB 
wit'i (hi nature of tlie source of heat, and this arises from the fact that heat rays vary m 
']ii( I f ! with the nature of the source (See Quality of Heat ) Thus luminous heat rays have a 
''hurrci wave length than obscure heat rays We must specially bear ra mind, therefoio, th it 
the abo ' 0 results obtain only with rcgml to the sources of heat ther^mentioncd , rock salt, 
the mniit dia+b .time substance of all, has been found by Prof Balfour Stewart to be very 
ithcrniic or opaque to rays issuing fiom its own bubstance , in fact a thick plate was found to 
stop thiee fourths of the heat radiated from a thin plate of heated rock salt Tnnvpaiency for 
light has nothing to do with transparency for heat , thus, clear rock ciystal which is tr insp.irent 
to light, and smoky rock crystal which is opaque, are almost equally diathermic , and tr inspaicnt 
sugai and ice cut off far more heat than ojiaque sulphur and sulphate of baryta Again tho 
solution of iodine in bisulphide of carbon used by Tyndall in his experiments on caloiesceiiec, 
IS absolutely opaque to light, while it is extremely diathcmiic in regard to radiant lieat 
ilcllom also detennmed the diathermancy of vaiious liquids, but as he employed glass cells to 
contain them, the radiant heat was considerably influenced by means external to the liquid itself 
Ayiidall employed cells of rock-salt and a different source of heat (Sec Ah-iorptuni, of Heat ) 
Thickness h ig a considerable effect on diathermancy, as on transparency In the case of 
light Me know that many things — glass, and water, for instance, when sein in a thin layer, 
appear abholiitely colourless, whereas when we look through a considerable thickness they are 
seen to be distinctly coloured, because an absoiption of certain light rays has taken place 
Mithin the mass of the substance, which a thin layer of that substance could not effect It la 
thus elso m regard to radiant heat, a thick layer of a substance is less diathermic than a thiu 
Uyer In the above table the uniform thickness was z 6 millimetres , by diminishing this 
thiekncss a less amount of heat is absorbed, and hence a greater amount is transmitted , on tlio 
Ollier hand, by increasing the thickness a greater amount of heat is absorbed, and a less amount 
ransmitted A thin plate of glass may be as diathermanous as a thick plate of rock-salt, and 
uis proves that the absorption of heat like that of light takes place within a substance, not 
a one at its surface Pouillet gives the following table to show the influence of thickness on 
athennancy The intensity of the incident beaiQ is lepresented by lOO , thus, if a thickness 
® o 5 Hiillunetre of glass allows 77 $ per cent of the total radiation from a Locatelli lamp to 
pass through it, a thickness of 5 o millimetres allows 62 o per cent of che total radiation 
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Comparing colza oil at thickncBses of o 5 imlUmetre, and 200 millimetres, we observe that about 
twelve times as much heat is transmitted through the former thickness than through the latter, 
or, otherwise expressed, that the absorption by the layer of 200 millimetres m thickness, u 
twelve times greater than that of the layer of O 5 millimetre, while water m layeis greater than 
II millimitres m thioSness does not transmit any of the heat, emitted from an incaii<leac«ait 
spiral of platinum wire It is notmeablc in the case of glass, that after a certain limit has been 
passed, an increase of thickness <h ics not appear to diminish the transmission 

Taiile showing the Influence of Thickness on the Diatheiimanok of Substances 


Thickness 
of layers in 
miUiinetrcB 

Thickness 

in 

inches 

Glass (S Gobaln ) 

Colza Oil 

Water 

Lncatclll 

lamp 

Incin- 

(lesccnt 

platinum 

Copper at 
400® C 

LocntcUi 

lamp 

Incan- 

descent 

platinum 

Locatclll 

lamp 

Incan- 
clesf ent 
platinum 

0 5 

0 OT9 

77 s 

62 1 

14 4 

64 0 

32 0 

25 1 

87 

I o 

0039 

73 3 

5 « 5 

99 

48 3 

22 8 

IQ 3 

5 7 

I s 

0 058 

70 4 

4O r 

6 7 

41 0 

18 7 

16 0 

4 2 

2 0 

0 078 

68 2 

43 8 

50 

36 I 

163 

13 9 

3 2 

2 S 

0 097 

66 0 



32 7 




•3 0 

OT «7 

65 j 

383 

29 

30 6 

13 6 

II 4 

2 0 

4 0 

0 156 

fiS 4 

35 a 

2 0 

27 8 

lA 0 

10 0 

I s 

■5 0 

0 19s 

62 0 

14 0 

» s 

2«; 7 

10 8 

9 1 

I 1 

60 

0 ^34 

Cxi g 

3s 3 

* 4 

23 0 

9 8 

8 6 

I 0 

7 a 

0 273 

Oo 0 

309 

I 2 

22 6 

89 

8 2 

0 8 

8 0 

0 ^12 

59 1 

29 7 

X 1 

21 8 

8 T 

8 0 

0 0 

go 

0 ISI 




2i 2 

7 5 

7 8 

° s 

lo 0 

0 39 




0 

7 r 


0 4 

II 0 

0 




20 9 

6 7 



^r> 0 

I QS 




12 s 

2 I 



SO 0 

3 354 








if»o 0 





8 I 

Z 2 



j^o 0 

5 "5 




6 r 


0 7 


0 

7 80 

1 



5 3 





See also Abmptwii of Heat 


DIA'I’llKlihlOM KTEll ( 5 ia, through , ffep/ui/, heat , to measure ) An instrument 

devised by I’lof (lUtlCric for tktcmiming the theimal lesist.incc of liquids It consists of an air 
tlieniioiiieh r tc nrnn.vtcd above by i brass cone f u,cd with platinum, having its biso uppciUHtet, 
and 111 a pcificlly hoHzoutal plane , the biseof a second cone of precisely the same uea can 
be approMiiiitcd to the cone of the air thermometer, and between the opposite bases the I'quiJ 
to be usainiiicd is introduced Now if we have a constant source of heat in tlie iippci cone 
(such as a cuircnt of water of known and invaiiable tcmpcratiuc), it is obvious that by v xrvmg 
the li<piids between the cones, and noting the effect in a given time on the column of liquid m 
the air thcnnoineter, we can obtain results (comparable among themselves), of the relatiie 
therm il resistanco of the various liquids cinploved (See also Uonduetion of Heat ) 
DlATOMKl ALCOHOLS Ahohds,'Sene’t of 

1)1 CHRtllC C 1 IVSTALS Sir 1 )avid lirewstcr {Optics, page 250) gives a table of the t olours 
which certain diehruic crystals exhibit when examined m polansod light, fiom which the follow 
mg list IS taken — 


Unifixial Crystals— 
Sapphire 
Euby 
Emerald 
Blue beryl 
Green liervl 
Quartz yellow. 
Amethyst 
Toiirmalme 
Eubellite 
Idocrase 
Mclhte 
Lilac apatite. 
Ohve apatite. 


Optic axis in plane 
of PulaTisation 

Yellowish green 
Pale yellow 
Yellowish green 
Bluish white 
Whitish 

Yellowish white. 
Blue 

Greenish white 
Bcddish white 
Yellow 
Yellow 
Bluish 
Bluish green 


Optic axis m plane 
pcrpeniliciil 11 to that 
of I’nlansation 

Blue 

Bright pink 
Bluish green 
Blue 

Bluish green 

Yellow 

Pink 

Bluish green 
Paint red 
^ Green 

Bluish white 
Beddish 
Yellowish gpreen 
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Uniaxial Crystals— 
Phosphate of lead. 
Iceland hpar 
Octohednte 


Optic axis in plxno 
of PuUiisatiuD 


Bright green 
Orange yellow 
Whituh brown. 


Optic axis in plane 
perpendicular to that 
of I’ulansai on 

Oiange yellow 
Vi llowish white 
Yclloxii'ih blown 


Blue 

Green, 

Blue 

White 

YeUow. 

Orange 

Purjile 

YcllowiRh white 
Yi llowish white 
]>liic 

Yellowish white 
Yellowish 
tsap gicen 
Yellowish white 
KedJish white 


Biaxial Crystals— 

Blue topaz White Blue 

Green topaz White Green, 

Greenish blue topa& Beddiah gray. Blue 

Pink toimz Pink White 

Pink yellow topa% Pink YeUow, 

Yellow topaz Yellowish white. Orange 

Yellowish purple 

Sulphate of baryta Lemon yellow Purjile 

Yellow sulphate of baryta Lemon yellow YcllowiRh white 

Orange yellow sulphate of baryta. G imboge yellow. Yi llowush white 

Cyanite White l>hio 

Dichroite Blue Yellowish white 

Cymophane Yellowish white Yellowish 

Olive green cpidote Brown tsap gicen 

Whitish green epidote. Pink white Yellowish white 

Mica Iteddish brown. Iteddish white 

(See Duhroism ) 

] >101111010 MICROSCOPE A double image jirism is sometimes attaehed to a nmipoiind 
iiiurhscopv, so as to form two images of a crystal or othe'i siihstmco in the iieUl oE vi< w, iiid 
ei) i''!-' it to be examined for diehroism (See Didiroscojte , Dithiof^m ) 

1 JC11R()>SM (Sis, two, and xP^foi, colour) A pioperty whieli some crystals possess of 
H'ln uing of two different colours where light passes through them in different directions If 
thin colours are produeed it is called tn chroism, .mil, if inoie, poly c hroisin Tin gtntril 
piujiit y la tciiiied pleo chroism The crystals of the double ehloiide of pallidumi and 
po IS iiin. appear of a deep red colour along the axis, and of a vivid green in a ti msveiso 
dll itijii A similar phenomenon 13 observed in the mineral lohte oi diehroito The phenn- 
iiiiiioiiiif diehroism depends upon the fact that the absorjition of light is regulated bv the 
nil liii itioii of the incident ray to the axis of donhlc rcfi letion, and on alliiFciPm e of colour m 
the two p .iCiL formed by double refi action — (int D Biiiistfi ) Ex immed lu the dieJiieseopo 
iniuy iiatuiai and aitiiicial ciystals arc seen to possess tho piopcity of diehioisiii (See 
Biditou (Jnjstuh , Diihiuic Miciotrope) 

Dlt'HliUITE , or, ]<A,it€ A uimcnl so named by Many on account of certain oplieil pro- 
pci ties winch it possessi 8 (Sco IJirhioism) It occurs in piiMiis belonging to the tniiutiie 
System, it appears deep blue m the direction of the ])imci))al .axis, and Inowiiish yellow, (ir 
i ellow gray tt right angles to it Chemically considered it is a silicate of magnesia, alumina, 
md non, and is boiuutiincs used as .a gem 

l-lUJllROSCllPE An instrument devised by Haiilenger for examining the property of 
dttlnui^in Jt consists of an achiomatiscd double image piisni of Iceland spar, faxed in a brass 
tube, having a small square aperture at one eiul, and a convex lens .at the other, of suth a 
I'ower as to give a sharp image of the square hole On looking thiough the instniment this 
hole appears double, and if a dichroic crystal be pi iced m front of it the two images will appear 
of ihifereiit colours By causing the tube to revolve, the eolouis .ilteinately disajijiear and 
ippear , 111 this manner diehroism may be detected m crystals by viewing them in one direc- 
tion only A dichroscope is frequently combined with the xiolansmg ajipaiatua of a microscope 
^bce Jjidiroic Mieroseope ) 

DIIJYMITJM (SiSvfios, a twm ) A rare and unimportant inctil, occurring with cerium 
md lanthanum It was discovered by Mosander in 1841 The name owes its origin to the 
^semblance of the metal to lanthanum, and the difticulty of separating the two Symbol Di. 
Atomic weight, 48 It forms a, protoxide (DijO), and a peroxide of uni'etenmned cumx>osition , 
P>^tuxide is .a powerful base, and forms salts with acids which ijossoss a rose or violet colour 
. I^iELECTRIC (5ta, through ) Any medium through or across which static induction 
takes jilace is called by Earaday a dielectric In his Expenmciital Researches, vol i , he con- 
xiuets the part which the dielectric plays, with respect to two conductors between which 
induction is taking place , and he proves that its function is not merely the passive one of pre- 
senting a medium across which the electricity cannot pass, hut that the inductive influence is 



DIF 


168 


DIF 


transmitted from particle to pirticle of the dielcLtric, each molecule of it in any line coniiLct 
mg the two surfaces being polarised, that in electrified positively on one side, and negatively on 
the other Hence he was led to the nlea that some dielectrics may transmit the cloctnc 
influence with more facility than others, and may assume the polarised condition with greater or 
less intensity On ceaKiination this turned out to be the case, and hence aro»e lua discovery of 
Spenfit Irtdiutne CnpacUij (fs(c Induc/wn, and Capacity, Specific Inductive ) 

DIFFEIIENTTAL SOREVV, HT OJTEE’S So named from the principle of its action, de 
pending on the difference between the sire of the threads of two screws The distance betneen 
the threads of a screw, on which its mechanical effect depends, cannot be indefinitely diminislu d 
■without so diminishing the strength of the machine as to mohe it practically useless Huntci’s 
machine is a contrivance for increasing the power of the screw without greatly diminishing the 
strength of the threads It consists of two screws with threads differing but little m thichness, 
the smaller working witliiii the other When the inner screw rises the laiger screw is made to 
descend Thus, during one revolution, the entire movement is equal only to the difierenro 
between the height of the threads, and e'oiisequently the board or other surface used m c ' \- 
pressioii passes through a much smaller distance than m a simple screw press, but e\eiLS a 
jiroportioiiatoly luertahcd pressure on the substance compressed 

DIFFltEENTIAL TIIERMOMETEU This mstiiiment consists of two glass hnlhs con 
taming an, and separated from taeli other by a narrow tube m whieh there la a column of 
mercury or sulphuric acid The tube is usually lient into the form of an U, the two bulbs beiu"’ 
uppemiost The ^ulba eontam the same quantity of air, and if they possess the same tcmjieia- 
ture the air m eschwill obviously possess the hame degree of elasticity, and the mehiclLil 
column of liquid will bo at rest midway between them If now one of the bulbs be heated, the 
air within it will be c\pande<l, and its pressure will bo greater than that m the other bulb, 
hence the liquid will move from the \\ aimer to the cooler bulb It is equally obvious that 
however high the temperature may be, if lK>th bulbs equally possess it, there will be no motion 
of the liquid eoliimn It is osseiiti illy a differential action, caused by the difference m'tlie 
amount of heat possessed by the two equal i olnnies of air A very rude mstrninent of this 
nature is mentioned by J C Sturmius in his Collcpinm. Expcrimmtah sivc Cimosum (1C76), 
but the instrument as desciibed above was iniented by Sir John Leslie, and deseiibed in 1804 
in his “ Experimental Encpin-y into the Natuio and Pi opngation of Heat” Count Kumfmd 
somewhat modified the instrument by largely incv casing the si/e of the bulbs, sboiteiiing tilt 
length of the connecting tube, and emplojmg a very short column of liquid as an index In 
Ixith Leslie’s and llumford’s thermometer the movement of the liquid is mdieated by a gr iduated 
scale, and since gases expind f.ar more tli.an solids or liquids, for the same amount of licit, this 
instrument is iiihiutelj' more sensitive than mereunal or alcohol thennomutcis It has btin 
estimated that liy its means a eh.ange of not more than the 6,OOOth part of a degree of Fahit’ii 
heit can be iiidu atod Foi'merly the differential thcrmomctci w'as much used for researches oil 
radiant heat, hut the mvoiitiou of the tlurmo electric pile by Nobili, and its appluation to the 
nieasiircnif lit of infinitely sm ill temperatun’s by Melloni, has caused this latter instnimei’t to 
bo now uiuvei sally employed for rcseirelies on ruliant heat, and for all ilelicate meisurciinnts 
such as Jjord llosse’s recent experiments on the heat of the moon, and those of Messrs Hiiggin-, 
and Stone on the heat of the stars The differential thermometer is still useful for h'ctiiie 
experiments, and a 1 ecent improvement of it by Professor Matthiessen has greatly increased its 
adaptability to this purpose (See ilso Thrrnwmctcj , An Thermometer ) 

Dlli'FllAGTlON (Diffranijo, di'i, apart, omA Jtanyo, to break) A disturbance of tin- 
Btraight path of a ray of light occasioned by its passage close to the edge of an opaque body Tli'* 
phenomenon is best observed by holding a pin in a beam of divergent light, and allowing its 
shadow to fall on a sheet of white pajiei The shadow will not be sharp and black, but will be 
surrounded by luminous fringes tmtt d ■with the colouis of the spectrum, the centie, wlicre th( 
blaek shadow should be, being a luminous line as if the pm were transparent The explanation 
of this IS simple the rays of light infietted in passing along one edge of the pin meet the rays 
inflected by the other edge, and interfere, producing alternate increase and diminution of w ive 
length, and giving nse to coloured fnnges if ordiiiaiy light 18 used, or alternate bands of light 
and dark if homogeneous light is employed, the centre always being luminous If the conditions 
are reversed, and the divergent light passes through a small hole in a plate of metal, the same 
phenomena of interference are observed between the rays passing direct through the aperturi 
and those inflected obliquely by the edges , the central portion in this case being a black pcatcli 
corresponding m shape and size to the <qjemng, and surrounded as before With coloured fringes 
Experiments in diffraction may be vaned in an almost endless manner' by having holes of differ 
ent sizes and shapes, or by irranging several near together (See Fniujes ) 

diffraction spectra. By aiiangmg the apparatus for diffraction experiments, m 
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such a manner that the coloured fringes are produced of considerable size, nnrl of the utmost 
attainable punty of tint, a senes of very beautiful spectra are produced, in winch the pnucipal 
Fraunhofer lines are seen The best arrangement for this purpose la to pass simliglit thioiigli 
a naiTOW slit, and adjust a telescope to distinct vision df the slit A very fine grating is now 
placed over the object glass, the bars being parallel with the slit This /ihangcs the .ijjjiearanco 
of the slit altogether , in the centre a luminous line is seen, while almost unchanged on each 
side IS a broad black band, and beyond this stretch away a bcnes of spectra ovcilapjung each 
other Those nearest the centre are the most perfect, and show the Fraunhofer lines to 
greatest perfection, and they gradually fade away on each side into darkness (BcaFtaunhnfa’s 
Lines ) 

diffusion coefficients. Bielstem (Ann Ch Pharm , xci'c 165) has given the 
following table of diffusion coefficients. The tompeiature being 6°C (42 S“F ), the stiength 
4 per cent , and chloride of potassium taken as unity — 


Names of Salt 

Diffusion 

Coeftieicnt 

Names of Salt 

Diffusion 

Coelhcient 

Chloride of Potassium . 

1 0000 

Sulphate of Potassium . 

0 G987 

Nltratn of Pofiissium 

0 9487 

0S337 

Carbonate of Sodium . 

05436 

Chloride of Sodium 

Suljiliate of Sodium 

05369 

Bichroin.xto of Potassium 

07543 

Sulphate of Magnesium 

035S7 

Carbonate of Potassium 

07371 

Sulphate of Copper 

03440 


DIFFUSION OF HEAT {Diffun(Io,tn spread .abroad ) Heat is resSlily lefloctcd from 
polished metallic surfaces, and the angle of meideiice of the rays is equal to the angle of rellee- 
tnm but ^here is also a certain oblique reflection whereby some of the boat is dillused, and, so 
to speak scattered m different directions irrt'gulaily 

DlFFUtSlON OF LIGHT When parallel or divergent rays of bght, as from the sun or 
a chndlc, fall upon a sheet of white paper, tinglazed porcelain, ground glass, or bodies hiving a 
Hiinil r surface, they are diffused m all directions, as if the surface weie self luminous 

JJl4.<'FUiST<.'N OF GASES The intoimiKturo of two gases which aro fisjo to communicate 
with one another When two gases, of different densities, are mixed, they Jo not scp.aiate in 
con-scqncnce of gravity, as hquids do Thus although oxygen is sixteen times as deiiso as hydro- 
gn , vet if the two gases be mixed, they will not bcpar ito however long they may be allowed to 
11 ir.im at lest Again, when two gases are sepaiated by a porous inembi.vne, an intcichango of 
jnit Ic takes place through the membrane, until ultimately the composition of the mixture on 
both skUs is tho same, but the rapidity with which the interchange is effected is different with 
ditierent gases These are the two mam features of the phenomenon If diffusion The laws 
regul vling ■■ he n Hure and the rapidity of the intermixture have been fully uivcHtigated by 
Gcahain and may be illustrated by tho following experiments Two jars filled with ilifleicnt 
gases, as, for example, oxygen and hydrogen, are connected by means of a long glabs tidie pa.sa- 
ing tin ongh ])ciforatcd corks ITie jar of hyelrogcn is placed iipjx 1 most In tho rouivc" erf a 
fvw hows the oxygen will ascend to the upper jar, and the hydrogen will descend to the lower 
Ultimately both jars will contain a mixture in the ‘■ame proportion, winch will eontiiiuc uni- 
form and permanent THe same result will take jdace with any other gases 01 vapours which 
do not act chomieally on one another 

As a second experiment, let a glass vessel be filled with oxygon gas, tied over with a 
membrane, and placed under a bell jar of hj'drogcn Tho gases will diffuse thiough tho poioua 
metnbiane, but, after an interval of an hour or more, it will be found that the volume of hydro- 
gen which has passed into the smaller vessel, is greater th.in the veilumo of ejxygen which has 
passes! outwards, anel the membrane will, in consexjucnce, be distended outwards If the small 
' tiscl be filled with hydrogen, and the bcll-jar with oxygen gas, tho nu mbrane will bo 
concave instead of convex, showing that in this case, as in the first, more hygiogeu has pa.ssc 1 
thrimgh the membrane outwards, than oxygen gas inwards 

The rates of diffusion of different gases may be comporcil by means of a diffusion tube This 
Is a graduated tube, lO or 12 inches long, closed at one end by a dry plug of jdaster of Pans, 
or compressed plumbago If the tube bo hlled with hydrogen, and the ojien end be placed in a 
vessel ejt mercury, so that the surface of the mercury, within .and without the tube, stands at 
foe same level, it will be found that the mercury in the tube will immediately begin to nse, in 
o, (position to gravity, and that, in a few minutes, it will stand several inches higher within than 
" ithout Hydrogen will have passed out of the tube, and air will have entered through the 
porous plug, but the p^sage of the former will have been much more rapid th in that of tho 
mtter By experiments similar to this, made with different gases, Graham has determined the 
nites of g.aaeoiui diffusion, and has found that the diffusion volume of a gas is m the inverse 
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proportion to the aqnare root of its density Thus, in the accond experiraent descnhed alvovo, 
since the donsitica of hydrogen and oxygen arc cui one to sixteen, and the square root, therefore 
as one to four, four tunes as much hydrogen would pass through the membrane as oxygen 
The density of air is to that of hydrogen as i 0692 , and the square roots, therefoie, as 
1 2632 , hence, m tho third experiment, for every volume of hydrogen which passed out 

2632 volumes of air passed in , or for every measure of air passed in (i by 2632) or 3 799^ 
measures of hydrogen passed out ITmce, if air be taken as unity, Graham’s law gives the 
diffusion volume of hydrogen as 3 7^194 Actual experiment gives 3 83 The following table 
gives the lesults of c^culation and expenmeut, in the cases of several important gases — 


Gas. 

Density 

Air = I 

0692 

Square 

Itoot 

I 

Density 

3 7994 

DifTiislon 
Volume from 

Hydrogen . . . 

ol Density 
2632 

Experiment 

383 

Maish Gas . . 

559 

7476 

* 3375 

I 344 

Carbonic Oxide 

968 

09837 

I 0165 

1 015 

Nitrogen 

971 

0 9856 

I 0147 

I 014 

OlifiantGas 

978 

0 98S9 

1 0112 

1 019 

Oxygen 

1 1056 

I 0515 

0 9510 

0 949 

S 1 d [)1 mr etted Hydrogen 

I 1912 

1 0914 

0 9162 

09s 

Nitrous Oxide 

I 527 

* 2357 

0 8092 

082 

Carbonic Acidr 

1 529 

1 2365 

0 8087 

0812 

Sulphurous Acid . 

2247 

I 4991 

0 6671 

068 


When a mixture of gases is introduced into the diffusion tube, each preserves the rate of 
diffusion peculiar to itself, so that a paittal mechanical separation of two gases of different densi- 
ties, which are mixed, may bo effected by diffusion If two giscs have the same temperaturi', 
and be he ited through the aaine number of degrees, the relation of their densities remains un- 
altciod, consciiutntly the relative rites of diffusion also remain the same, but smeo the density 
of ia<h Is diiuinishcd by a use of temper atiipo, the rate of diffusion is accelerated Tho in- 
crease in tile velocity of diffusion is not, however, proportional to the increase of volume due to 
the nsc of ti nijieraturo, the second being more rajud than the farst, consequently a given w light 
of gas will bo diiriistd more quickly at a lower thin at a higher temperature (Giahani, Pliil 
Mag , 1833, \ol 11, p 352, 1840, vol 1 , 184C, pp 574, 591 , 1849,? 349, 1863, pp 385, 
and 405 ) 

])T KFLTHION OF I*TtiUIIJS When r glass phial, containing a salmo solution is gently 
introduced into a 1 irgcrve-ssel containing water, or a solution of different density from the lii-.t, 
in sutli i iiiaiiiiei tli it tliey do not immedi itely mix, diffusion gradually takes and, after 

a certain time, depending on the nature of the lujuids, tlie temperature, and the deuiec of lou- 
centi ition, the liquid inside and outside the glaes phial will be identical in composition ’riii'-e 
phciiomciii were hist minutely mvestigiteil by Frofessor Graham (See Phil Trans 1850, 
i8t)2 Joiimal of the ( 'lieiit tsoe m 60,257, iv 83, and xv 216) With erystalliuc bodies 
it has bti n found th it difleient salts, ill solutions of equal strength, (jUlfusc unequ illy in equal 
tunes, and the rate of diffusion mere isos with the temperature*, the general law for one salt 
being that the velocity with which a solub.c salt tbffuses from a stronger into a weaker solu 
tion IS (iroportion il to the difference of concentration between two contiguous strata The late 
of diffusion lomcides in many ctises, the groups bemg identical with those of isomorphous bodies 
Thus liyili oehlonc, hjdrobromic, and hydnodic acids diffuse at equal rates , and the same rule 
holds good with the chlorides, bromides, and iodides of tho alkahnc metals, with the sulphates 
of luaguesium anel /me, &.C 8ome bodies — natncly, those classed by Graham os (.ciUohU— 
diH use with extreme slowness Thus taking the time required for a certain amount of hydro- 
chloiic atid to diffu'c, as unity, the following table exhibits tho time required for the same 
quantities of other substances — 

Hydiochloric acid, . . I Sulphate of magnesium, 7 

CTiloiide of sodium, . 2 33 Albumen, . . . . 49 

Sugai, . . . 7 Caramel .... 98 

The tw o L.tter substances are colloids Diffusion takes place with great regularity through 
a vjiiiin-oi bladder, or, preferably, parcAnient paptr, ano this principle has been applied by 
Pri fessor Graham as the foundation of a most important branch of analysis for the separation 
of diffi rent substanceB, to which he has given the name of Dialysis, (qv) 

DIGKST’ER See Papin • Digester 

DIMINUTION OF LIGHT OF GAS BY ADMIXTURE OF ATR. Dr Frankland 
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gives the followinsj table in his lectures on coal gas, delivered before the Boyal Institution o< 
Great Britain in the spring of 1867 — 


Substance burnt 


Illuminating 
pow cr 

t 

Substance burnt 

i 

Illuiiiinating 

puner 

Pure gas, 


. 100 

Gas with 8 per cent of air. 

42 

Gas with 1 per cent of air. 

94 

II 9 " 

3 ft 

II 2 

II 

. 89 

II 10 II 

33 

II 3 

II 

. 82 

II 15 11 

. 20 

II 4 

II 

. 74 

It 20 II 

7 

5 

II 

. 67 

II 30 H 

2 

II 6 

II 

56 

■1 4 *^ " 

. 0 

11 7 

tl 

47 




Thus, when coal gas is burnt with an admixture of 40 per cent of atmospheric air, it ceases 
to be lunniious , in fact, the particles of caibon which exist in an ordinary llamc, and by their 
incandescence render it luminous, are now oxidised 111 the flame, and wc obtain a flame ‘•iinilar 
to that afforded by a Bunsen’s burner, that is, of great heating power, but no luminosity 
DIVITDA (Arabic ) The star p of the constellation Cetus 

DIP, MAGNBTKJ, is the angle which the direction of a magnetised needle, fiee to move 
111 the plane of the magnetic meridian, makes with the horizontal plane at the place Let a 
magnetised needle, free to turn in a voitical plane, he pl.iced so that that plane may coincide 
with the pi me of the magnetic meridian, it will be found that in most localities one eiiil 01 
otlii r 'vul dip downwaid., and thus the diieetiuii of the needle will make a eeitaiii .iiiglt with 
the Iku i 7 ontal plane it tnc place This angle is called the amjle of dtp, or the mwjnUu dtp I'or 
tvainph, ui I'lngland, a needle so placed <lips its north end dowiiw irds, itid the ingle of dii) is 
iboul OS" \t all places north of a certain line, called the mn>/uctu etpudor, at whu h the dip is /i 10, 
mil which lies near to the gcogiaplucal equator, the noith end of the needle dips dowuw I'ds, 
ami > e angh increases as we go northwards The same is the case south of the >11 igiietie eipiator, 
t\n]if that the south end of the needle dips downward (See also Maijntlmn, Tcrtibiuid ) 

DIP OF THE HORIZON The angle which a line drawn from the eye to the appaient 
lioii 7 on nakes with the plane of the latiotial horizon The eirth being a sphere', if tin <ye is 
1 iiM il ,i'i >' e tl e earth’s surface, a line fioiii the eye to the apparent horizon — that is, to the 
f irtlii st iisible point of the earth in any direction — is a tangent to the earth at that point On 
tile iOni hand, the plane of the rational hnri/on is a tingcnt plane to the earth at the point 
lertlLdlly below the observer Thus it is e wily seen that the dip of thf horizon is eijual to the 
angle u tween the vertical it the observer’s station, and the vcitiealat thefaitlustviuhli point 
of till eaith here no account has been taken of the inegidaiities of the earth’s sinfaee lle- 
fractum aho affects the apparent dip of the hoiizoii (See Jlejiadion, ztfniospAewc ) 

DIPl’lNCj-NEEDLE An instrument for measuring tlie angle of dtp or mat/iutii irtclinalwii 
at i given place — that is, the angle which a magnet, free to move about a boiizontal axis, and 
pJaecd m tlie magnetic meridian, makes with the hoiizontal [dane 

Tile di])ping needle consists of a light magnetised bai, suppoitcd by a horizontal axis, and 
thus capable of turning m a horizontal i>lane The axis is cithci a hue knife edge, rt sting on 
an agate plate, or a delicate steel wire on friction rollers Tlie axis is at the ceiitie of a verti- 
cal giadiiated circle, and the point of the needle, or of an index attached to it, moves over the 
gradiutiuiis, so that the inclination of the needle to the horizoutiil plane can he icad off by 
means of them This vertical circle is supported on a short veitieal pillar, which turns round 
its own axix at the centre of a horizontal graduated circle , the pillar carries an arm which 
IS fumisheil at its extremity with a vernier and clamping screw, and the vernier moves over 
the divisions of the horizontal circle A three legged support, having levelling screws at its 
feet, completes the instrument 

To the instrument, it is first carefully levelled, and the vertical circle is then turned 
round upon its pivot till the needle stands vertical When this is the case, the only force act- 
ing upon it IS the vertical component of the earth’s magnetism, and we know that 111 this case 
file plane of the circle m which it swings must he at light angles to the m.agiie>ti< meinhan, 
which vve thus determine Tins done, the circle containing the magnet is turned through 90“ 

' ’taetly, by means of the vernier moving on the horizontal circle beneath Thus the needle 
will ho free to move m the plane of the magnetic meridian It wall take up a certain position 
inclined at an angle, dependmg on the locality, to the horizontal plane This angle is read off 
on the graduated circle, and is the magnetic dip or mclmation at the place of observation 
direct motion of a comet a comet la said to have direct motion when it travelsi 
round the sun m the same direction as the planets 



DIE 


172 


DIS 


DIRECTION OE EORC}'] When a force acts upon a point at rest, the direction of the 
force IB the line along which the point would commence to move if it were free to do go 
when only one force acts upon a point the direction of the force is the direction of motion' 
Directum is one of the properties of forces which can. be represented by straight hues, and on 
this account it is soiqatunes termed a geometrical property (See Graphic Hepresentatim nf 
Forces ) 

DIRECTIVE FORCE The sition of the earth upon a magnetised needle is generally 
spoken of in these terms For tin influence of the earth upon the magnet is simply dircrpir 
It tends to place the axis of the magnet in a certain line, but there is no force of translation 
that IS, no tendency to make the magnet move bodily from place to place This may be showii 
experimentally by placing a magnetised needle on a piece of cork floating on water The needle 
and the cork with it, turns round so that it x)oints north and south , but it only turns about its 
centre, and does not movo either northward or soiithwanl But if another magnetised bar be 
brought near to the needle, not only docs it give it a dehiiite direction, but it also exerts upon 
it an attractive force which makes the needle move bodily towards the bar The reason is that 
in the latter case the attracted pole is sensibly nearer than the repelled polo, and hence the 
force of attraction exerted upon the needle preponderates (See Attraction, Magnetic ) In the 
case of the earth, on the other hand, the length of any needle or bar is so short compared with 
the distance of the needle from the centre of the earth’s magnetic force, that both poles of tlu 
needle are sensibly at the some distance from that point, hence the force of attraction exerted on 
one pole is eciual tt> the force of repulsion exerted on the other pole, and there is no tendency m 
the magnet to movo one way more than another. The force exerted upon the needle is of tlic 
nature of a couple (see Couple), and the tendenoy to turn the magnetic axis into a certain bne is 
measured by the moment of the couple , that is, the product of the number which expresses 
the length of the bar and the number which expresses the absolute force exerted on either end 
The latter depends upon the intensity of magnetisation and on the position of the bar on the 
earth’s sui face (See J/a/iictiuii, Maiynetitm, Tirtisiiml) 

DIRh.UT VISION PRISM See Fnsm, Direct Vi'.ion 

DISC (dloKoi, a round plate ) A term applied to the visible surface of the sun, the moon, 
or a planet 

DISt’HAROE When an electrified body loses its cloctncity and returns to its normal un- 
excited state, it IS said to be dischai <jcd There aro vaiious ways m which discharge may take 
place 

(a) Disiuplivf which coiisi'-ts m the breaking through of the insulating medium 

which Runouiids the cluigcd body This occurs in thice forms — the dischai rfc hy a s)mL, tlia 
brush diiihnr^c, and tire sthnt or </low disrhaiyr The phenomena of dismiitivc disclinigc ncr^ 
mvcstigited very completely by I’lradiy in connection with his theory of induction (Exp lb 
BGarchis, -itr \ii , Phil Trans 1S38) Hirris(Plu] Trans 1834) examined the laws for tlu 
electiic -.park The best way of ob>erviiig the spark is between a small ball, about an inch in 
diamctci, and one very much largoi , one <if them is electnhed positively by means of a gooil 
elcctiii 111 ichiiic, and the other connected with tho c irth On turning the machine, keepiiig 
the lialls from one to tw'o inches apart, bright sparks may be seen passing, accompanied by a 
tdiaip lepoit like the cracking of a whip At this distinco the sparks appear to pass straiglit 
between the tivo halls, and to tlie unprotected eye look like lines of fire of considerablo thick 
ness If the distance between the balls be mortised beyond two inches the spark takes i 
branching form, having a root upon the smaller ball, and extending with lateral forks towaiib 
the larger ball 'I'he direction, too, of the sparks is crooked and inegular With a Winter’s 
machine, fm 111 shed with a large ring, sparks may be obtained from twelve to fourteen inches 
long, which, when viewed in a darkened room, show beautiful branches and offshoots The ap- 
pearance of the sparks depends somewhat iijMin whether the large or the small ball is clectiihed 
positii cly The distance which the sparks will pass depends upon the quantity of electiicity 
upon the balls, and also upon the nature and condition of the insulator or dielectric which is 
between them , the kind of electnhcation of the balls also affects it Hams showed that the 
quantity on the charged ball required to produce a spark vanes directly and simply with the 
distance between the balls and that, the quantity remaining tho same, the distance at which a 
spark will pass is greater as the density of the air between the halls is less , or, the ihstance 
remaining the same, the quantity required to produce sparks vanes directly wnth the density of 
the air Faratlay showed that the nature of the gas likewise affects the production of a spark, 
aud that not on account of the density of the gas He showed that hydrogen has very little 
insulating power, that hydrochlonc acid gas has nearly three times ‘the insulating power of 
hydrogen, nearly tveice tha’i of oxygen, and is considerably higher than that of mtrogen, which 
ogam stands higher than, oxygen Faraday also found that the colour of the electnc spark depends 
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upon the medium through which it passes Tlius, m air it is of a well-knoivn pur])lish white 
In nitrogen gas the purjile or red colour is more powerful than in air In oxygen and in c arbomc 
acid the spark is very white, while in hydrogen its colour approaches crimson 

The Bnish Xhtcharye la thus desenbed by Faraday He produces it by attaching to the 
piime conductor of an electric machine a metal rod, o 3 of an inch m djimcter, and tcimiuatcd 
by a rounded end or small ball , and, if necessary, bringing near to it some largo conducting sur- 
f.ito “Tlie brush,” besays, “was obtainedbyapoweifulmacliineon aballabouto 7of anmchin 
di imcter, attached to the positive prime conductor — a short conical bnglit part or root appeared 
it the middle part of the ball, projecting directly from >t, which, at a little distance fiom the 
ball, broke out suddenly into a wide brush of pale ramifications, having a quivering motion, md 
being accompanied at the same time with a low dull ctnittenng sound On using a smaller ball 
the g- noral brush was smaller, and the sound though weaker more continuous ” The nature of 
the g is in wluch the brush occurs is found to mflucnce tlic appearance of it In nitrogen the 
brush is veiy easily obtained,'and it is icin irkably line m form, colour, and in the light t \hiliited 
In oxygen the brush is close andjeompound, and not so brilliant In hydiogcn it is lx ttcr th.in 
111 oxygen, the colour of it is greenish giay , whdt m carbonic acid gas and 111 hydrochloiic acid 
gas it is difficult to obtain a brush at all 

When a thinner metallic rod than that described as above, such as o 2 in oreicn less m 
diameter terminated by a conical jioint, is attached to the prime conductor of an clct ti u m ichine, 
the tjlov) ducharge is obtained It consists of a silent steady flame playing iiouml the point of 
the rod accompanied by powerful currents of air proceeding from it If, the nr aiound the 
jioint be 1 arefied, either by means of the air jiunip or by heating, the glow may be obtained 
much laiger and finer in respect of light In both the brush and glow dcsi barge the aiipc ii ince 
>s cniisuLrably altered if the negative conductor of the clectnc machine be used instead of the 
positive or pnme conductor • 

j\s we liavc already mentioned, in all these cases a breaking doavn of the inolecul ir airangc- 
uiiut of the particles of the dielectric accompanies the disiuptivc discharge Inductiim pre- 
en! ) the discharge, and by it the molecules arc thiown into a strained or polirised stati (sic 
hiuKClion) , ivhcn the strain becomes too great to be any longer sustained, a subversion of the 
molecules takes place, and discharge is the consequence 
(/3) Coiulmtiu Discharge When an electrmcd body is touched by a conductor connected 
uith the caith, or more generally when two points having a diflerencc of elcctiic potential, as 
fiT iiistaiico the two ends of a voltaic pile or battery, are joined by lae.uis of a eonduetor ii 
lias >g( of electricity, according to common phraseology, or » tfinrAfiK/c, tike's place this is 
< alk d conductive discharge, or discharge by conduction. Paitieulars on ^e subject will be found 
under Conductor , Coiiduttian * 

(7) Til e 13, 'astly, discharge by cojucerfow or conicrfiic dise/iai ye When an electrified body 
IS sut rounded by a gas, the particles of the gas, continually moving from jilacc to place, come in 
lontaet with the elf etnfied body, each little particle becomes charged and repelled from the 
body, and thus carries away a portion of the electncitv This is comcrtiie disi hai i/c Couhiinh, 
in mi ex Ligating the laws of the distiibution of electricity upon couductors, was oldiged to take 
into account the loss sustained by his conductors standmg charged for some time in air He 
showed that tho quantilg lost ly coniection tn et gnen time is jiivjimlioml to the ckaige of the 
conductor 

DISCHAEGFIl ^Vn instrument used for discharging a Leyden jar, an clectnc battery or 
other condenser, m order to avoid the danger of allowing the charge to pass tliiough the body of 
the expenmeiiter It consists of two bent brass wires connected together by a joint at one end, 
the other extremities being furnished with knobs of brass , thus by means of the joint the knobs 
may be placed at difFereiit distances from each other At the joint there is a glass handle, by 
means of which the tongs may be held, glass being a non-conductor of electricity 
DISCHAHGEll, UXIVEllSAL An apparatus much used in connection with Leyden 
batteries or heairily charged condcubcrs On a convenient stand are placed tivo glass pillars 
'iliicli are surmounted by universal joints, and through each of these passes a moveable brass 
rod, ono cud of which bears a ring for convenience of attachment to tlio batteij, and the other 
a knob Between these knobs is a small ivory table, the height of which can be altered at 
l^asurc, and on which may be placed any object through which it is wished to pass an electiic 

JJISPEESION {Dispergo, dispersua — di, asunder , and spat go, to scatter ) Tlic dispersion 
of hght IS Its separation into coloured rays by passage through a pnsm , the amount of dispcr- 
i^^nes with the substance of the pnsm (See Dispersion, Co^ctents of) 

HISPERSION, COEFFICIENTS OF When a ray of light la passed through a pnsm, it 
^ters beiides refraction, dispersion, te,, it is separated into its component colours. But for 



tte same amouTit of refraction difFertot media disperse these colours differently, and the diffi r 
ence between the indices of refraction of tho fixed lines 13 and A produced by a refractino- 
medium is called its coefficient of dispersion, or amply its dispersion “ 

The following table of Coefficients of Uispersion is an abstract of one given by Sir D ] 3 ren stir, 
in hiB “ Treatise on Optics, " page 372-374 


_ . , r irfbclents 

Substance luspersion 

Substance 



Coefficients 
of Dispersion 

Oil of cassia, . . 

Phosphorus, . . • 

0089 

Beiyl, . . • 


• 

0 022 

0 156 

Ether, . . . 


• 

0013 

111 snlplmle of carbon, . . 

0077 

Selenite, . ■ 


• 

0 020 

Dalsam of Peru, . • 

Oil of bitter almonds, . 

0058 

Alum, 


• 

0017 

0 048 

Castor oil, 


• 

OOlS 

Oil of anise seed, 

0044 

Crown glass, green, 


• 

0 020 

Oil of Lumm, 

0033 

Gum Arabic, 



OOlS 

Oil of cloves, . . 

Oil of Uassafias, . . . 

0033 

Water, 



0 012 

0032 

Citric acid, . 



0019 

Rosin, . 

0032 

Glass of borax, 



0018 

Rock salt, . . 

0029 

trainet, , • 

Chrysolite, . 



0018 

Caoutchouc, . . • 

Elint glass, 

0028 



0 022 

0026 

Crown glass. 



0018 

Do , another sample, . 

0029 

Plate glass, 



0017 

Oil of jumper, 

0022 

Sulphunc acid, , 



0014 

Nitnc acid, . . 

0019 

Tartaiie acid, . 



0016 

Canada balsam, . . . 

0021 

Nitre, . . 



0009 

Cajrput oil, . 

0021 

Borax, . 

Alcohol, 



0014 

Oil of poppy, . . 

0022 



OOII 

Ziieon, • • 

Hydioehlonc acid, . 

0 045 
ooiO 

Sulphate of baryta, 
Rock crystal. 



OOII 

0014 

Gum copal, . 

Nut oil. 

0024 

0022 

Borax glasR, i bor 2 silica, 
Blue feapphiro, 


0014 

0021 

Oil of turpentine, . 

0020 

Chrysobcryl, 


• 

0019 

Felspar, . , • 

0022 

Blue topai!, 


• 

0016 

Amber, < « 

0023 

Sul]ihato of strontia, 



0015 

Calcsjiar, greatest, < . 

0027 

Hydrocyanic acid, 



oooS 

Diamond, ^ . 

Oil of olives, 

Giiiri mastic, , . 

0 056 

Fluor spar, , . 


t 

OOIO 

ooi8 

0022 

Cryohte, . , 
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IC See Ffum e$cence 
See M}ioreiccnct 


DISPJ'IKSICN, TNTEKNAL Fluorescence 


UlSPEUSION, IRKATICNAEITY OE It has been found that two substances, when 
made into i)nsins, may jiroduce spectra of equal lengths, but m one, oil of Cassia for instance, 
the blue end is more expanded than the red end, whilst in the other, sulphunc acjd for instance, 
the led end is more expanded than the blue This phcnometion is callecl the irrationality of dii 
pemion, and must he taken into account in the f omiation of achromatic lenses (See Achromatism ) 

DlSl’UllSlON, PARTIAL Hee Partial Disperston 

DISPLACEMENT OE LIQUIDS If no take a vessel exactly brimful of water, and 
totally immerse in the water a body which is neithei soluble in tlie water nor penetrable by it, 
it IS dear that the body displaces a volume of water equal to its own volume, and that the 
volume of the water, which ovcifiows, is equal to tho v olunie of the body immersed Again, if 
the water be contamed in a vessel (say obndneal) of sufficient capacity to receive tlic body 
without an ovciflow resulting, the water will rise higher and higher in the cylmder, as the body 
sinks beneath its surface imtil it is wholly immersed In qrder that the body may be 
immersed, an equal volume of water must be lifted , in other words, tho weight must be over- 
come of a volume of v vtcr equal in volume to the body Consequently, whenever a body i'* 
immersed in a liquid, it is pressed upwards by a force equal to the weight of the liquid it 
displaces Whether, therefore, a body will sink or nse when plunged into the midst of a 
liquid, depends upon whether the weight of the body is greater or legs than the weight of an 
equal volume of the luiuil If the former is the ease the body will smk in the liquid , but the 
force vv ith which it sinks, that is, its weight m the liquid, must be less than its weight in lacw, 
because in is pressed upwards by a fvree equal to the weight of the hqmd disidaced Its 
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inkin" force is therefore cqiiil to its original weight, mrrtin the weight of .m nin,il 
olume of liquid If the body be lighter than an equal voluiiu- of liquid it will, if it li ivo 
he sime sue as the one previously considered, be drawn to the earth by i less fmo than 
I ’fore , but it will be pressed upwards by a force equal to the upward foico m the foiim i ci^o, 
laiiiely, the force equal to the bulk of the displaced liquid The upward force will now bo 
Theater than the downward one, and the body will rise with a force equal to the dilh ii lui of 
he two forces acting on it, which will, in this case, bo the weight of a volume of Injiud cqiiil 
n volume to the body, minus the weight of the body The force with which such .i body iin s 
s called its buoyanctf If a body, which is lighter that an equal volume of water, In lull I so is 
0 touch the smfacc of the water, and then let go, it will sink until it floats , or, if the “lamc 
loily lie allowed to rise from a state of total immeraion, until it floats, it will dttain a position of 
'tpulibimm in which only a portion of it is immciacd, that is, below the hoii/ontal hiiifacu of 
,he liquid In this state of equilibrium the upward and downward forces must be oqu d 'I'he 
ipcond IS the actual weight of the body, the first is a force equal to the weight of tlio liquid 
hsplaccd These principles collectively constituto the “Priniifilc of Aichimuic^” 'J’lu siine 
iniui|ilc becomes more clear from another method of consideration Imagine a vessel of liquid 
to be at rest Conceive any volume in it (say a cubic inch) to be isolated fiom the ri st bv siv 
rigid walls, without thickness and without weight It is self-evident that isolation of this kind 
HTimld not influence the equilibrium cither of the included or excluded portion Wc know, 
liowever, that the inclosed poition is being acted on by gravity, and urged down by its own 
uv,ight Since, however, it is at rest, this downward tendency must bo ciiuntci u ti d by an 
_qual and opposite force In other words, the cubic inch must be pressed iipwiinU by a force 
aqiial to the weight of a cubic inch of the liquid If, now, we imagine tho rigid cubit iiii li 
to be piUjitied of liquid, we disturb the condition of equilibrium by removing ono of the 
i[mi)'ing forces Consequently, the cubic inch will nse witli a force equal to the wi vglit of a 
cubic inch of liquid If now this rigid, empty, weightless cubic box be filled with olivi ml, it 
will indeed, be pressed down by the weight of that cubic inch of oil, but it will be pn ssed 
upw ' 1 1 as before, by a force equal to the weight of a cubic inch of liipud (say water) Now a 
cubic inch of w xter weighs more than a cubic inch of olive oil, cunsE'tjucntJy the cube of oil will 
rise with a force equal to the difference of these two weights If, however, the ngid cmjity 
cube bi, Mlcd with mercury, it will be pulled down by a force greatei than the weight of a culm 
inch of w ater, and will still be pushed upwards by a force equ il to tho weight of a ciibio mt li of 
water It will, therefore, sink with a force equal to tho diilcreuce between the weights of a 
cubic iiu’i of mercury and a cubic inch of water. 

Dll'hi'jUTJliD JAR , or Jar u-itA Moieable Coalings Is used to sl|pw that in a charged 
Lcjikn jar the electricity la distributed upon tho surface of the dielectric, and not upon the 
ciutin rs lucomists of a glass jar, whose shape is that of a truncated cone, furnishid with 
coatiugs of thin brass plate, or of tinfoil pasted upon a form of card board The sti m 
ivhicli carries the knob of tho jar is firmly attached to the bottom of the inside coating, and is 
gem rally turned into a hook at tho top, so that by means of it the inside coating may, if neies- 
suO, lie lifted out on a rod of glass When the jar la to be used it is charge<l, t inner coating 
M then removed l>y means of a glass rod otherwise it may bo set on a insul iiiiig stool, and 
removed by the hand The glass jar is then hfted out of the outer coating The co itings in.iy 
be hamlled or apphed to the electroscope, and aftcrwaids replaced, when it is found that the 
clcctritity had not left tlic jar with them, the jar being still charged 
DlbblMULATED ELECTRICITY Ateim used to denote those parts of the electric force 
in the outside and inside coatings of a Leyden jar or othei condenser which .ict iiuliu fcivoly 
towaids each other in contradistinction to tho portion which may be made to act tnwaids i x- 
tcrnal objects The dissimulated electricity cannot be discovered by means of the pioof plane, 
or by ail electroscope (Bee Charge, Ftee, and Faraday’s J xp Peseaich , scr xiv ) 
DI'iBIPATlON OF ELECTRICII’Y The gradual loss of electricity, whnh a charged 
conductor surrounded by non-conductors, sustains by means of thim, is sjiokcii of is the 
dissipation of the charge However good the arrangements for msulition in ly be, tlnro is 
alwajs a shiw loss of electricity, and this, in the matter of dctcimmmg the 1 iws of itti itlion 
ami icpuliion, and of the distribution of electricity upon the surface of conductors becomes a 
^ttcr of veiy high miportance Coulomb, m his investigations of thcKO laws, ariangrd Ins 
ciptinneuta so as to dimmish as much as possible the loss by dissipation, and he tin ii examined 
c reasons for the loss which his conductors still sustained, and the amimiit of it 
luirc are two chief causj^s of loss in the case of bodies insulated Iiy being supported upon an 
nsulator, and surrounded with air In the first place the insulating siipiioit w ncvci piifict 
oulomb found that glass stems are excessively bad insulators This is due to the thin invisible 
of moisture which always collects over them, unless they are in an artilicially dried atmos- 
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phere The insulating power of a glass stem w vciy much improved by varnishing it thinly 
over with shell lac dissolved in apinta of wmo Moisture does not adhere with anything hke 
the same readiness to a glass rod treated in this way For hght bodies Coulomb found that 
thin stems of shell lac drawn out make the best support 

The second cause of *loss is that duo to the air itself The molecules of air in contact with 
the conductor become charged, and therefore repelled from the body They thus, by degrees 
carry away the electricity of the body, the amount lost in a given time depends upon the 
quantity of electricity with which the conductor is charged, and diminishes as the chaigo gtta 
weaker and weaker, according to logarithmic law (Sec also Di'ichartje ) 

DISSOCIATION (Ih^, apart , socius, a companion ) A term first employed by Ste 
Claire DcviUe, to express a {lartial decomposition which takes place when chemical compounds 
are exposed to a very high temperature , thus, when a rapid current of steam is passed through 
white hot platinum tube, some of it is decomiK&cd, and an explosive mixture of oxygen and 
hydrogen can be collected by passing the mixed vapour and gases into water , carbonic acid may 
likewise bo decomposed, by transmission through a white hot poicehain tube failed with frag- 
ments of porcelain, into a mixture of carbonic oxide and oxygen, and by a modification of the 
apparatus Deville has further decomposed carbonic oxide into carbon and oxygen, which unites 
with a further quantity of carbonic oxide to form carbonic acid Sulphurous acid, under sinuJai 
circumstances, may be resolved into sulphur and Mil[ibunc acid , and m the presence of cold 
metallic silver hydrochloric acid is decomposed into its elements The decomposition of water 
into its elements taay readily be effected by throwmg a lumi) of white hot platinum into it , a 
copious evolution of steam takes place, and along with tins bubbles of permanent gas are seen 
to rise, which, on being collected, proved to be mixed oxygen and hydrogen gases From these 
experunciita it is seen that the force of chemical combination appears to be suspended by great 
heat, so that at a high tempera tuio like that of the sun wo may imagine that chemical elements, 
such as oxygen, hydrogen, chlorine, potahsnim, &c, can exist m the gaseous state, intimately 
mixed, but cheimcily uncombined 

DISSONANCE, or DISCOKD See Beats 

DISTILLATION {DisliUo, to drop down slowly ) An operation by which a liquid is con 
verted into vapour by heat, which vapour is condensed by cold m a separate vessel It inry 
bo employed foi various purfioscs , thus simple distillation purifies liquids , it enables a moio 
volatile to be separated from a less volatile substance , by its means a liquid possessing >k 
definite boiling point may be separated from other liquids possessing other boiling iiomts 
This latter is known as jrartional di'dillutwn, and is much used in the separation of hydin- 
carlions, tlie various |Uoducts being collected at intervals of, say ten degrees of temperature 
Desti uclue disliUatwii is a term ajiphed to the ihstilkition of sohd organic matter without access 
of air, &.C , usu dly on the large scale, when various gaseous and liquid products result , thus 
coal and wood are submitted to destructive distillation on the large scale, and the products in 
each caso arc most numerous, and of varying oompoRitions The essential parts of a distilbi g 
apparatus are a vessel in which tlie siibskiuce is heated, called Bomctiines a still, and somctiiucs 
arctoit, a condenser or ? i/i if/< j afor, in which the vapour is cooled, and a rcrciiei in which the 
condensed pioilucts are collected Distillation was an important operation m the earliest 
alclicmical processes of which wc have any iccoid , it does not, however, appear to have been 
known before the time of I’liny 

DISTRIBUTION, ELEtlTRIC See Jilectrostaiics 

DIURNAL ABERRATION Alutntwn of the Celestial Bodies. 

DIURNAL ROTATION OF THE EARTH SeeF«»«A, Day 

DIVERGING RAYS {Du, asunder, and teiyo, to incline) These are rajs which start 
from one point, and spread outw^'rds as they advance Light from a candle consists of divtn; 
mg rays , as they diveige then: intensity duuinnihes inversely as the square of the cUstance from 
the point of emission The point whence they emanate is caUed the radiant point 

DIVING BELL The matcnali^ of air was demonstrated by Anaximenes, who mvcrtcu 
a vessel, dosed at one end, and piessed it under water with the mouth downwards No air a as 
seen to enter, because air i" matter, and it is impossible for two kinds of matter to exist in the 
same space This experiment may cosily be tried by depressing a tumbler, mouth downwarJ-*, 
into a pail of water, and if a coik has been pievously included within it, the upper surface will 
be found to be dry when the tumbler is taken from the water This illustrates the principle d 
the dll ing bell, which is a contrivance for enabling persons to descend and remain below the 
surface of wnter It is usually of a bell shape, hence the name ijie earlier ^ving bella wtre 
not ' applied with air from, above, from which cause the diver could not remain long uniler 
■wati I , ns the ail in the bell soon became vitiated, and unfit for respiration In 1 788, Smeat"" 
added a foi'ce-pump to the diving bell, by which means air could be pumped mto the bell fru'^ 
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above, nnd the diver could remain, for a length of time under water Vanous improvements 
connected with raising and lo^venng the bell, supplying it with air, and with light, removing 
the foul air, &c , were introduced by Spalding, and by the Swedish engineer, Tiicwald The 
diving bell 18 much used for lecoveimg property from Vrccks, and for all undcr-watcr opua- 
tions connected with the foimdations of bridges, &c 

DIVISIBILITY The propel ty common to all substances, by which they may be duidcd 
into particles of unlimited minuteness, each of which possesses the qualities of the oiiginal mas's 
All bodies probably consist of ultimato particles or molecules, but by no process of science or ait 
have the ultimate constituent atoms which admit of no further subdivision been obtained 
DO(i DAYS Sec Canicular Days 
DOlr STAB See Sinus 

DOLOMITE A compact and granular vancly of magnesian limestone, a double carbon- 
ate of magnesia and hme 

DOHA DO {The Saord-Jlsh) One of Bayer’s southern constellations Half of the greater 
MiifcUauic Cloud falls within thw constellation 
DOUBLE CONCAVE PBTSM See Ft ismatic Lms 
DOUBLE CONVEX PRISM See PnsnuiUc Len', 

DOUBLE DECOMPOSITION, PBTMABY TYPES OF According to Dr O.IIm- ~ 
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DOUBLE IMAGrE MICBOMETEll This consists of an eye piece of four lenses, one of 
which IS cut m half , each semi-lens being fixed m a frame connected with screw adjustment and 
graduated scale When the two scmi-lcnscs aro together in the positi'in they occupied before 
they wei c cut, only one image is seen, and the graduated scale should mark zero, but when 
the semi lenses are moved parallel to their line of division, the single image divides into two, 
each of which follows the movement of the scmilens winch forms it By separating the axis 
in this manner until the opposite sides of the image, (the moon or a planet, foi mstanco,) touch, 
and observing the scale micrometer, observations can readily be made See Microvietcrj Dytuu- 
ni'ler. Double Imaqe 

DOUBLE IMAGE PRISM, See Pnsm. DouMe Image 

double refraction Under the head of polarisation, the phenomena of double 
refraction by Iceland spar are explained Few crystals possess this property m a sufficiently 
high degree to show two images The polanscope is, however, a very delicate test for this 
preperty, and when examined m it, many crystalhne and other bodies arc seen to be doubly 
refractive Amongst these may be mentioned horn, scales of insects, many animaleulce, gelatine, 
unannealed glass, starch grams, hair, sections of bone, &c Even a pic'ce of glass which is free 
rom double refraction is seen to assume this property when it is sqbmitted to a strain either of 
p^sure, or torsion If this property is not strong enough by itself to produce colour, a thin 
employed to mtensify it (See Pdansed Lir/ld ) 

DOUBLE REFRACTION, POLARISATION BY. See Polarmtvm, Plane, 
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DOUBLE STABS See Stars, Dovible 

DOUBLET A simple form of microscope first proposed ly Dr Wollaston, It consists of 
two planoconvex lenses whose focal lengths are in the proportion of one to three The lens 
of shortest focus is placed next the objefct, and the convex sides are turned towards the eye 
See Mtcroscxipe 

DOUBLE TOUCH A technical term applied in practical magnetism to a method of 
magnetisation, in winch a pair of powerful bar magnets are held, inclined to the bar to bo 
magnetised, and with their unlike poles touching it and very nearly touching each other, and 
in this position are drawn backwards and forwards from end to end, and finally lifted off m 
the middle Magnetisation by double touch was invented by Mitchell and perfected by Epimig 
See Maffnetisahon 

DOUBLY EKFRACTINO CRYSTALS See Crystals, Double Befrachon of 

DRACO (The Dragon ) A large Northern constellation, one of Ptolemy’s It follows a 
winding course around the Lesser Bear This constellation is interesting as containing a star 
which has been supposed to have been the first pole star recognised by astronomers This nrb. 
Alpha Draconis, once far brighter than at present, would seem to have been near the place of 
the northern pole at the epoch when the great pyramid was constructed A long inclined 
passage within that structure has a position indicating that about 2000 years before the 
Christian era, the star Alpha Draconis uiu'it have been visible from the lower end of the passage 
(and therefore in the day-time as wcU as by nigbt) at its lower meridional passage Draco 
contains a planetary nebula (close by the pole of the ecliptic,) which was the first whose gascity 
was detected by Mr Huggins 

DROPS The sue of a drop furnishes data for determining the relative cohesions of two 
liquids That size depends, ( I ) Upon the attraction of cohesion of the luj^uid , (2 ) Its ailhesiou 
to the matter upon which the drop is formed , (3 ) Tho shape of the matter from which tbc dru]< 
moves , (4 ) The physical relation of the medium through which the drop moves on the one 
hand, to tho li<]Uid of which the drop is formed, and on the other, to the matter on which it is 
formed , (S ) The rata at winch drops succeed one another The following are the cbitf coiielu 
eions arrived at by Professor Guthno with regard to the size of a drop under difierent 
conditions (Proceedings, It Boc , xiii , pp 444, 457 ) Law i The drop-size depends upon the 
rate of dropping , generally, the quickci the succession the greater the drop The slower the 
rate, the more strictly is this the case This law depends upon the difference, at different rates, 
of the thickness of the film from which the drop falls Law 2 The drop size depends upon the 
nature anil quantity of the solid which the dropping liquid holds in snlutiou If the liquid 
stands m no chemical relation to the solid, in general the drop-size diniinislies a.s the quantitv 
of solid contained iiF the liquid increases The cohesion of the liquid is dinimislieil by the 
dissolved solid Laxo 3 The drop size depends upon the chemical nature of the drniqnng 
liquid, and only in a secondary degree upon its density Of all liquids examined, water has the 
greatest drop size Jmw 4 'J'hc drop size depends upon the geometric relation between the 
solid and liquid If the solid be spherical, the largest drops fall from tho largest spheres 
Absolute diileronce of radii takes a greater effect upon drops formed from smaller, tbrin iipun 
those formed from larger spheres Of circular horizontal planes, within certain hmits (v ith 
small pl.anes), the size of the drop vanes directly with the size of the plane Jjaxo 5 The drop- 
size depends upon the chemical nature of the solid from which the drop fills, and little ur 
nothing upon its density Of aU the solids examined, antimony delivers the &ni illest, and tin 
the largest drops Laxo 6 The dio]>si7e depends upon temperature Geneially the highi'r 
the temperature the smaller the drop "With water about 86"' E a change of 36° F effects small 
alteration Law 7 The nature or tension of the gaseous medium has httle or no effect upun 


drop-size 

Tho above laws apply to a liquid dropping from a solid through a gas If a liquid drops 
from a solid through a liquid, the drop may ascend or descend, according to the relatiie 
densities The following are the general laws observed. Law 8 The drop size of a liquid 
which, under like conditions, drops through vtmous media, does not depend wholly upon the 
density of the medium, and consequent variation in weight m the medium, of the dropping 
bqiiid Law 9 If theie be two liquids, A and B, which drop under bke conditions throu^'b 
air, and the drop-size of the one, A, he greater than the drop-size of the other, B , then if a third 
bquid, C, be made to drop through A and through B, the drop-size of 0 through A is greater 
than its drop-size through B Law 10 If the drop-size of A through B greater than the 
drop-size of A through C, then the drop-size of a fourth liqmd, D, through B is also greatei than 
the drop-size of D through C Law 11 If a liquid. A, drop under like conditions, in succession) 
through two liquids, B*xadC, then its drop-size through any mixture of B and C is uiternieuiato 
between its drop-size through B and its dropslze through C , and the greater proportion of one 
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,f the constituents m the liquid the more nearly does the drop size of A, through the mixture, 
nproach to its drop-aize through that constituent alone Law 12 The drop-size of the mixture 
f any two liquids, A and B, dropping through a third liquid, C, is intermediate lictwcen the 
rop-size of A through C, and that of B through O , and the greater the proportion of ono 
oristitiient in the mixture, the more nearly does the drop-size of the mixtiire approach to that 
f that constituent Law 13 If the liquid X has a larger drop size than the Iniuid Y in the 
iquid Z, then the liquid Z has a larger dropsize in X than it has in Y Law 14 If a h(][uid 
£, has a larger drop size m air than a liquid Y, then the drop size of X through Y is larger 
han the drop-size of Y through X Law 15 If the drop-size of X be greater than the drop- 
ize of Y In air, and the drop-size of Y be greater tlian the drop size of Z in air, thou the ratio 
letween the drop sizes of X m any mixture of Y and Z, and the drop-size of that mixture of Y 
nd Z in X IS greatest when the ratio between the drop-sizes of Y and Z is nearest to 


inity 

BRTJMMOND light. (So named from Lieut Drummond, the inventor) Sec Lima 

PUY niiE This apparatus is an ordinary Voltaic pile, in which tho hquid is replaced by 
onie hygrometne substance, such as paper which has been moistened with sugar and water, 
,11(1 allowed to dry Zamboni’s diy pile, which is one of the most common, is constructed 111 the 
oUowing u ly Paper so prepared is silvered or tinned on one side, and covered on the other with 
mely groimd black oxide of manganese, which, being shghtly moistened, may be rubbed on 
nth a cork Fiom one to two thousand discs of this pajjpt are cut with a puniji, and put mto 
gliss tube arranged so that tho silver of one disc may be in contact with the manganese of 
hi. iM\t The tube is closed at each end with a brass cap fiiinished wth a knob 'i'lii knob 
it the inanf' tiicse end is positively electrified, that at tho othci end negatively A pile, sneh 
s ue h.nc desenhed, and consisting of 2000 discs, will charge a Leyih'n jar or condensor The 
)il(‘ lasts 1,11 a very long time, often for many years If ovci lined, however, it loses its power 
it i(‘s t tonip iranly, not recovering it till it has absoihcd moisture from the air 
Dll IlHlij (Arabic ) The star a of the constcll ition Ursa Major It is a variable st ir 

DLi nijITV (Duco, to lead, draw out , capable of hiung drawn out ) A piopcrty, 

iclonging chiefly to certim metals, by which they are cipable of being drawn out into wire , 
hat IS, of being increased in length and dimimsbed in thickness, without fiactnre The most 
Inctilc suistaiices, with which wo are familiar, are gold, silvci, platinum, iron, and softened 
d iss \Vi hasten obtained a platinum avirc of o 00003 of an inch in diameter, by first coating a 
ini jiUti'Mini wire with silver, and drawing the cylinder, thus formed, into as fane a wiio as 
xi'silil , a.id then dissolving the silver m dilute nitric acid By this means a platiuiiiii wire 
lias obtai.icd, having a diameter so fine that 1060 yards of it weighed oiily*tliree quarters of a 
jrain (Sic Lability ) 

PU'l (MI TBAllS See Prince Rvpert't Liops 

DYN'A’VI a term proposed by Dr Whcwell for the unit of work or dynamical unit See 
Dtiiifimiial Unit 

PYNAME'l’ER (Swafui, force , fixrpiw, to measure ) An instrument for measuring tho 
intensity or magnitude of forces derived from different sources See Foicc, Spnnq-Balauce 
]>YNAMETEJl, DOUBLE IMAGE In optics an instrument for measuring tho power 
Ilf a telescope It acts by enabling the observer to measure the image of an object glass upon 
the eyeglass The simple dynameter consists essentially of a K111.1II couijiounil nuitoscopc, 
‘■‘'"'“•‘iniiig a graduated scale, which is placed .vgainst the cye-picce of the telescope , the image 
fif the object glass is then measured by comparison with tins scale Tho double image dyna- 
iiicttr IS a similar instrument, but contaming two semi-leiises, one of which is moved by a 
niicroinctei screw The measurement is here obtamed by observing the contacts on opposite 

sales of the two circular discs representing the object-glass. (See Double- Irnaji, Micto- 
tnder ) l o j o % 

IIYNAMICAL unit a unit adopted in measuring or comparing mechanical forces which 
rmliice motion It is usu^ly the force required to lift a given unit of weight In tins country 
1'^ foot-pound, and the horse-power , in France the kilogrammetre, and 
c chtval lapcur, (see these terms) Since every resistance can be estimated in jMumils, and 
Jiry Bj)sc„ in feet, the force which will overcome a given resistance through a given space can 
'*'*^*^'*ired in foot pounds (See Foot-Pownd ) 

ABSORPTION OP GASES AND VAPOURS. See Dynamic neattng oj 

Heating 'DP gases when the receiver of an air pump is exhausted 
the 1* 1® shown by the deposit of moisture on tho inside of tl c receivei^ and by 

®ught haziness which follows the first few rapid strokes of the pump , moreover, a delicate 
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thermometer, when placed in the receiver, indicates cold When the au is ri, admitted the 
deposit of moisture disaiixiears, and the theimometer indicates warmth The ehillmg results 
from the fact that the air in expanding performs uork, and a certain amount of heat is thus 
removed from the gas, which is no longer able to retain its aqueous vapour , the latter w then, 
fore deposited on thp sides of the receivoi When air is allowed to rush mto the vacuum it 
Btrikes against the sides of the receiver, and its motion is converted into heat, henc e results the 
warming, and the disappearance of the deposited vapour The air has been heated dywiiuiLally 
it has been heated by tbe iiiipaet of its own molecules , by the resolution of their motion of 
translation into the motion of heat 

Professor Tyndall, in the course of his experiments on the radiation of heat by gases, used a 
glass tube closed at both ends by rock-salt plates, and capable of being exhausted by an nar 
pump, it was Buhscquently filled with any gas or vapour that might be desired, at any given 
pressure In front of one of the rock-salt plates a very doheate thermopile was placed to 
indicate the amount of aheorjition, or null ition of heat, by the gas within the tube On uue 
occasion the tube contained a small quantity of alcohol vapour, and the absorption of hi at 
(issuing from a cube of hot water at the remote end of the tube) by this vapour was consider 
able Oil admitting air into the tube the absorption was nciitiahscd, radiation from the vapoui 
took place, and heat was indicated The external source of heat was now omitted, and the 
apparatus arranged as follows — The glass tube had one end closed by a rock-salt plate the 
other by a plate of glass, and the thermoelectric pile was placed opposite the rock-salt plate 
The tube was q^hausted as completely as possible, and air then permitted to enter the tube , 
the air became dynamically heated, and the needle of the galvanometer, connected mth the 
thermopile, moved through an arc of 7° Now air is a very bad radiator of heat, and this 
indication arose from the heat of the warmed air being radiated from the surface of the tulie 
This was proved by lining the inside of the tube with black paper, when, on repeating the 
experiment, the needle of the galvanometer moved through an arc of 70°, because the black 
paper absorbed and radiated more heat than the glass The lining was now removed from the 
tube, winch was exhausted, and nitrous oxide g.w was allow ed to cuter , it became heated dyuami 
cally, and the needle of the galvanometer showed a deflection of 28% proving that nitrous oxide 
radiates better than air When the tube was exhausted the gas was chilled, and the necd'e 
moved through 20® m an opposite direction With olefiant gas the deflection due to beating 
was 67®, and the deflection due to cooling 40® Tyndall calls the heatmg of the gas, on enteruig 
the vacuum, the dynamic hcatiny cf gases , the radiation which follows, dynamic radiation, ami 
the absorption of heat when the gas is pumped out and chilled by performing work, dynamu 
absorption The followmg tabic shows the dynamic radiation of certain gases, m degrees oi 
arc, through whiclf the needle of the galvanometer moved on the first admission pf the gas into 
the vacuous tube The results are obviously relative 


Air 

Dynamic Rapiatios 

■7° 

■ • • * / 

Oxygen 

• « • ■ 7 

Hyilrogen 

• « • • 7 

Nitrogen 

. . . . 7 


OF Gases {Tyndall.) 


Carbonic oxide 

• 

■ 

19' 

Carbonic acid . 

• 

• 

21 

Nitrous oxide 


• 

31 

Olefiant gas . 
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These results agree with those determined by a different method for the same gases 
The dynamic radiation of the first four gases is, as we see, very slight, and presumabb, a 
before stated, is the radiation of the heat of the warmed gas by the sides of the tube , hut if 
while we heat any one of these gases dynamically, we mix with it a very small amoujjt of " 
gas or vapour which is a good radiator of heat, the heated gas transmits its heat tliroujh tU 
medium of the vapour, just as in the ease of a polished cube contammg hot water, whiiH 
radi ites but slightly niitil its surfaee is blackened, or rendered rough, or vamisliciL A 
quantity of the vapour of acetic ether was allowed to pass into the exhausted tube de«cnbt- 
above , now this substance is a powerful absorber and radiator of heat, and when 
allowed to rush mto the vacuum, the deflection of the galvanometer needle instead of 
7®, as in the case of tlie gas alone, was 70®, because the heat of the dynamically heated 
h^ been communicated to the molecules of acetic ether v apour, and by them radiated. Tyn*** 
calls this the %amidiinj of a gas by a vapour, in allusion to the analogous varnishing of a hnS 
metal On exhaustmg the tube cold was produced, the vapour now absorbed heat from 
thermopile, instead of radiating heat upon it, and the needle moved to nearly 45 *** _ 
opposite direction — tha^ is, in the directiun of cold By this md&ns the followmg results 
obtained , (they ore given as before m degrees of arc, through which the needle of the galx*" 
meter was deflected, and are hence stnctly relative). 
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Dynamio 

Radiation and Absobption op Vapodbs 

{Tyndall ) 


Sadlation 

Absarptioii 


Badiation 

Absorption 

Bisulphide of carbon 

14° 

6" 

Amylenh 

48“ 

26“ 

IiKlide of methyl 

20 

8 

Alcohol 

So 

28 

Benrol 

30 

14 

Sulphuric ether 

64 

34 

Iodide of ethvl 

34 

16 

Formic ether 

69 

38 

jSileth-^hc alcohol . 

36 

18 

Acetic ether . 

70 

43 

t’lilorule of amyl 

4 t 

23 





The radiation ana absorption are here seen to increase and (bminiah together, as is the case 
when a. souicc of heat cvtcmal to the gas w employed for smiilar evpenments An c\trpmt,ljr 
niinutc ipiantity of a good radiator has a greater effect than a large ipiantity of a had radiator 
The lai'onr of boracic ether exceeds all others as an absorber and radiator of heat T’h» tube 
tiiii>loyed m the foregoing expenments was iicrfectly exhausted, and a quantity of borauc ether 
vapour, equal in pressure to ;^,th of the atmospheric proshure, was introduced , on admitting 
ilr> air into the v icuum the needle of the galvanometer was deflected thnnigh 56° of aic by 
the djnunic heating of the air due to impact, and tho ilynamic radiation of the heat so 
gtiu rated, by the trace of Vioraiic ether \aptmr in the tube The tube was again and M.eces- 
sively' exhausted, until the pressure of boracic ether -vapour amounted to uinJMjKith of an atmos- 
phere , the deflection was now 14°, and allowing 7° for the ia*hation from tltfe intciior of the 
tulie fnnii diject wanning by the dynamically heated air, we have 7“ for the dynamic i idi.ition. 
of a quant-'ty of boracic ether vapour wlmh would have to bo increased more than one thousand 
million loll’ before its prersure would equal that of the atmosphere Even a quantity of vapour 
amoiintiiiTf to atmospheie furnished a sensible dynamic radiation 

DYNArMfd llAEIATION OF GASES AND VAVOUllS See Ui/namic fhaiitu/ of 
Giiv" 

DVVAMICS (ffwa^ls, force or power ) Tlio science which treats of the action of force 
111 ]iroaucing iiK’tion It IS a branch of mechanics, and tieats of bodies not in equilibrium, as 
btatK s tre its of bodies at rest Dynamics is di-vidcd into two parts — lincmatiix, whu li invi sti- 
gates the arcumstances of mere motion without reference to the bodies moved, the forces pro 
diKing t'li motion, or to the forces called into action by tho motion , and htictics which inves- 
tigates th nature' and relation of the forces whicli produce motion 

l)yii luiios has to do with the pnmaiy conceptions of space, matter, time, and velocity, eaih 
of wliK h admits of numerical estimation by comparison with units arbitAinly chobon , hence 
dvnaini's 's a science of numbers It is usual to consider the subject in two parts, tlu dynar 
niu s of a 1 iiticlc and the dynamics of a rigid body The science owes its origin to Galileo, to 
wlmm IS due tho law of the acceleration of falhng bodies Iluyghens added the theories of tho 
priiilulum and centrifugal force, and Newton developed the scienec and applied to it the infmi- 
ti Minal calculus Further information will be afforded by tho following works — I’rofessor 
Cayley’s 'Keport on the Eecent Progress of Theoietical Dynamics at the British Association, 
ihS7, I agrange's Mecamque Analytiqne, and Poissons 'I'raiti' de Mecanique. (See Atedeta 
tion. Central Forces , FdUtng Bodies , Lam of Motion , Pendulum) 

Dynamometer, chromatic An instrument devised by Sir David Brewster for 
nicaRuring intensity of force, founded on the phenomena of polanscd light (See Polanscope, 
DonUe Rtf I action ) It consists of a bundle of narrow and thick plates of glass, fixed at each 
'nd in brass caps Then when any force is applied to a nng in the centre of the bundle, they 
as^^Ine double refracting properties rendered evident m the polanscope by the produt tion of 
hands of colour , from the width and intensity of these bands the amount of force can be ascer 
tamed. 


E 

, ^ aconstical instrument The organ of hearing may be considered in 

l^ei. p,trts —the external ear, the tympanum or middle ear, and the labynnth or internal ear 
/-^tbrnal ear consists of the pmna, the part of the outer ear which projects from the side of 
tut head , and the meatus, or passage which leads to the tympanum The extremity of this 
^*age IS closed by a membrane (memSrano tympam), which therefore separates the external 
the middle ear The pmna or auncle is concave, and is thrown into various elevations 
vrith ^'*^**'^*' reflect the undulations of sound, as to collect and concentrate them 

j j? auditory canal (meatiu auditonua extemu), by which they are conveyed to the 

"“•idle chamber of the ear. 
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The middle ear or tympanum is a narrow irregular cavity in the substance of the temporal 
bone, hUed with air by means of the Eimtachuin tube from the pharynx or back of the mouth 
It contains a cham of small bones, byimcaus of which the vibrations, communicated from with 
out to the membranqi<:ympam, are in part conveyed across the cavity to the inner wall of the 
tympanum These bones have been named from their shape respectively the Tnalleuf, the meug 
oa orbiculare, and the stapes The handle of the malleus descends between the two mnet 
layers of the membrane to a httlo below the centre, where it is faxed, ilrawmg the centre of the 
membrane inwards, so as to give it the shape of a shallow cone The inner wall of the middle 
ear, separating it from the internal ear, is very uneven, presenting several elevations and fora- 
mina Near its upper part is a reniform openmg (the/enestja aealis) which is occupnil hy 
the base of the stapes Above this point is a slightly oval aperture (the feneelia n>lunda\ 
which IS closed by another membrane, and connects the t3rmpanum with a part of the internal 
ear termed the cochlea 

The internal ear or labyrinth is the sentient portion of the organ of hearing It is hollowul 
out of the petrous portion of the temporal bone It consists of two cavities, the osseous or 
bony labyrinth, and the membranous labyrinth, the former of which contains the latter The 
osseous labyrinth is divided into three parts — ^the vestibule, the semicircular canals, and the 
cochlea, all of which are lined throughout by a thin membrane, and enclose a clear fluid mined 
perilymph The membranous labyrinth has a general resemblance in form to the complicatid 
cavity in which is contained, and has, therefore, five parts corresponding to the vestibule, 
three Bcmicircul^ canals, and the cochlea It contains a liquid termed endolymph Over this 
membranous structure the ultimate ramilications of the auditory nerve are spread Tims tliO 
conditions necessary to the sensation of hearmg are realised 'I’he vibrations of the air an, 
collected and concentrated by the c'ctcmal ear, and conveyed to the memhrana tymp ini , thty 
are thence transmitted to the internal ear partly by tho air within the tympanum, iiartly hj 
the chain of bones, and partly by the walls of the cavity The vibrations of the membrane uf 
the fenestrsB ore then transmitted to the fluid of the labynnths, and to the auditory neivo, and 
this nerve transmits its impressions to tho brain, and gives the sensation of hcanng (For 
furthei description see Quain's Anatom^/, and Bam on the Human Mind) 

EAliTH, THE The globe on which wo hvo, and tho third planet in order of distance from 
the sun The earth travels at a mean distance of 9I,430 ,cxxj miles from the sun The eertn 
tncity of her orbit, though not suflicicnt to make its figure appreciably elliptical, yet is such that 
in perihelion she is 1,533,000 miles nearer to the sun, and in aphehon as mucli further from 
him than when at her mean distance The earth’s revolution around the sun is arcoinidishtd 
in 365 2564 days (&ee Year ) Tliu mean diameter of the earth is 7912 miles, the polar di.mitttr 
7898 miles, the equatorial 7926 miles Tho density of the earth is about 5^ tiiiies tint of 
water She lotatea once uinm ber axis in 23h 5610 4s of mean solar time (See J)a(/ ) 

Tlie Motions of the Eaith The most obvious of all astronomical facts, the apparent dinmal 
motion of the sii i, appears to have suggested in very early times the idea that tic earth mtitc- 
upon her axis , though, until a comparatively recent epoch the number of those astiouomerb, 
who believed in the absolute fixity of the earth, largely exceeded the number of those wliovtre 
bold enough to assert that she is iii motion, either on her axis or around the sun And, iiulecil, 
it must not be forgotten in forming an opinion rcspectmg the theories of ancient astronomers, 
that the evidence on which the accepted theonra 111 our day are founded, was for the most pirt 
unknown to them The whole system of modem astronomy is founded on evidence of a i»i''“ 
complicated character, no one part of the system being separable from the rest So tlint '*iir 
belief in the earth’s rotation la denved from evidence beanng on the revolution of the earth <>'* 
the earth’s figure, on the law of gravitation, and so on , and in turn the rotation of the earth 
supplies evidence m favour of each of those other relations 

So far as the apparent motions of the heavenly bodies seen from any one station on the earth 
are considered, there is nothmg to prove that the earth is really in motion But when wc 
notice the effects which appear on a change of station, when, extendmg our researches nortn 
wards or southwards, we find the apparent axis of the earth’s rotation shiftmg its position 
when voyaging towanlK tho east or west we find the actual progress of the diurnal cehrtuc 
motions appreciably affected as regards the time of their occurrence, the idea presents itseU 
the diumal motion is due to a motion of the earth upon her axis For the evidence aildiKxa 
when such mqumes have been extended to the whole surface of the earth, proves the eartb o 
be globe-shaped, to be suspended freely in space, to be nunute compared with the 
separatmg her from the celestial bodies , so that the idea is sugg^ed that far more proba" 
this relatively small globe turns on its axis, than that those bodies obviously so distant an 
presumably so vast, travel each day around the enormous cucles which they would have 
traverse if their diumal motions wein reaL 
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Then, again, the proof of the earth’s rotation depends in large part on the proof of the earth’s 
revolution Observation shows that besides their apparent diurnal motion, the sun and a certain 
number of the stars have motions upon the celestial sphere, the sun secniiug to cirdc once a jear 
round that sphere, and those particular stars (the planets) seeming to follow looped and twisted 
paths round the celestial sphere m different periods These motions sSsa found, wlien carefully 
studied, to be only explicable in a satisfactory manner by supposing that the earth travels round 
the sun, and that the sun is likewise the centre of the motions of the planets (See Pli>hnmic 
System j Tychanic System, Coptmiean, System, &c ) And all question as to the reality of the 
earth’s motion is fmally removed when the phenomenon of aberration is considered and under- 
stood Now when once it is recognised that the earth is travelling around the sun in a wide 
orL^ once a year, the supposition that she does not rotate on her axis, but that the sun is car- 
ried once a Jay round her becomes altogether absurd and untenable , 

Yet again, when the rotation of the earth is established, we obtain fresh evidence os to the 
earth's figure, as will presently be seen 

So that our ideas lespccting the eaith’s rotation, revolution, and figure, are associated together 
in the most Ultimate manner, through the urcumstanee that ncailyall Iho evidence we have 
respecting each relation is uthcr founded on, or else affords, evidence rcspectii g the others 
The proofs of the earth's rotation, which are really independent, though numerous and suffici 
cntly convincing to the student of science, arc of such a natine as not t(» appe.ir veiy sti iking 
to the generality of minds There is a minute displacement of the stats due to the earth’s 
rntatiou , but as, even at the equator, the (bsplacemont is but about one-tlurd of a set ond, it is 
impossible to render its determination a matter of absolute certainty, as m the ease of the 
abciTSfon resultmg from the earth's orbital motion Again it has been shown that bodies 
whnh are dropped from a considerable height fall slightly to the east of the point below that 
fioin which they were let fall Newton had shoivn that this should be the eise because the 
pjuit of suspension is at a greater distance from the earth's centre than the surface of the earth 
)<iit the expenmeuts by which this easterly direction of fall is cstabhshed arc <1eli< ate and 
(!' ’ivult, and it is only on, the average of many expenments that the peculiarity is exhibited, 
m iiiy of till bodies dropped falling north, bouth, or west of the spot vertically beneath the 
point of suspension Again, I’oueanlt’a expcrmicnts with the pendulum and gyroscope (see 
J^aidvlnm Exyenmemt, And. gyroscope) serve to prove the fact of the earth's rotation, but tho 
iigiimeiits on which tho proof rests are not so simple and direct as to be easilj’ made clear to 
till non mathematician In fact, there is no direct evidence of the earth's rotation winch 
1 - nearly so satisfactory as tho indirect evidence deiived from the earth s revolution round the 
sun 

'J’he revolution of the earth is proved, as we have said, by the evidence derived from tho 
abirmtu a of the fixed stars It must be remembered tb it to the astronomer the displacement 
dui, to this cause is not one of those mmutc quantities which can only be detected by the most 
delicate obsci v itinns It has been nghtly said rcspectmg it that it is asobvious to the astronomer as 
the motion of the sun or moon to the ordmary observer Now, the evidence it supplies amounts 
m effect to this — Every star seems to sway isochrononsly with the sun s apparent yearly 
motion round the earth , stars on the ecliptic moving backwards and forwards along a straight 
line, other stars swaying round and round in an ellipse, and stars close by the pole nt the ecliptic 
traversing a circular path A simple explanation of all theso motions is given by the theory 
that the earth moves round the sun , but if the earth be supposed at rest, then all these motions 
remain unaccounted for It need hardly be said, then, that independently of tho evidence we 
have respecting the enormous distances and dimensions of the stars, wo are forced to accept 
the simple explanation afforded by tho theory of the earth’s motion, rather than the view that 
the sun sweeps m a wide orbit round the earth, while all the stars sway responsive to his 
motions 

If further evidence were needed, it would be supplied by the apparent motions of tho planets, 
and the fact established by Copernicus and Kepler, that, assuming the sun as the centre of 
m^ion, all those compheated apparent motions receive a simple mterpvetation 
But by the modem astronomer the motions of the earth are not referred for proof even to 
such striking evidences as these, but to tho enormous and ever increasing mass of evidence 
derived from the exact accordance of the minutest peculiarities of planetary motion with 
calculation shows should result from the law of universal gravitation 
^The Earth's Magnitude and Figure The general proofs that the earth is globe shaped ore 
Well known to be insisted upon here at any length. The appearance of tho horizon at sea, 
n objects come into view or pass out of view beyond vhat hon/on as beyond a convex 

111, the shape of the earth’s shadow in lunar eclipses, tho elevation or depression of the pole of 
we neavens with northward or southward voyages, the fact that the eaiith can be cuciminavi- 
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gated, and that it can be voyaged round (though not by sea) in a number of definite directions 
— all these and a number of other evidences have long since proved to all save the most ignorant 
that the earth's form is globular The exact determination of the figure and magiutude of this 
globe constitutes one of the moat stnking tnumpha of modern science The globe figure of 
the earth once recognised, it became possible to determine the diameter of that globe f assumed 
in the first place to be a true sphere) by measurmg arts either of an arc of latitude or longitude 
(See Degree of Latitude ) So soon, however, as it was further ascertained that the earth rotates 
upon an axis, the idea was suggested that the figure of the earth cannot be a perfect Bphuc,but 
that the polar diameter must be less than a diameter of the earth s equator Adopting, for 
convenience, an inexact mode of treating the problem, Newton was led to the conclusion that 
the earth’s polar and equatonal diameters bear to each other the ratio of 229 230 But it uas 
seen that the actual compression of the earth must in a large part depend on the constitution of 
her internal strata Newton had assumed a flmd structure hotnogoncous throughout But the 
density of the earth increases towards tlio centre, as will presently bo shown, and it results tliat a 
smaller compression corresponds to the conditions of equilibrium We owe to Maclaunn, 
Clairaut, and Ivory, the mathematical examination of the problem of the figure of cquilibiium 
of a rotating fluid globe , and though it can scarcely be said that such a globe must necessarily 
assume the figure of a spheroid, yet it has at least been demonstrated that that figure is one of 
those under which such a globe would be m equilibrium, while it has been further shown tint 
under such conditions as wo may suppo* e to have piobably existed m the case of our own earth, 
the figure of an ubljite spheroid would necessarily result, and further that the compression of 
that spheioid would be about 

The actual measurements applied to the earth’s surface arc not absolutely independent of any 
preconceived theories So far as the mere deteionmation of tho earth’s generally globular 
figure IS concerned they arc, of course, completely mdeiiendent of theory But lu those difficult 
gcodctical operations by which the departure of the earth from the figure of a perfect sphere 
are not merely to be shown to exist, but actually to be estimated m quantity and measure, it is 
necessary to assume as the basis of rcseaich a general symmetry of figure, which may not m 
reality exist Yet the fact that those assumptions have been made, need by no means prevent 
us from accepting with full confidonco tho results of geodetic operations, for these operations 
are pursued with sufhcient completeness to prove whether the initial assumptions are or aicnot 
reliable , and as a matter of fact, it lias been discovered that tho earth’s figure is not peifcctly 
symmetrical, even when we supjiose all such irrcgulanticB as mountain-ranges, valleys, and so 
on, removed, and the figure wc have to determine to bo that which would result if these rcla 
tively small elevations ^id depressions were removed 

It will bo aceii from what is said nuder Dufiee of Latitude and Degree of Longitude hew the 
general elliptieity of the earth’s figure can be recognised and measured It may be taken for 
granted that the compression of the earth is not far, cither in excess or defect, from 
This result is confirmed by the observed extent of the motions called Precesaion and Nutation 
{q v) 

But Captain A R Clark, R E , by combming all the results which have been obtained, cOiid 
especially those resulting from the leecnt extension of the great arcs surveyed in India and 
Russia, has been led to conclusions (Memoira of the Royal Astronomical Society, vol xxix , 
i860) which have been thus stated by Sir John Hersehel — 

“ The earth is not exactly an ellipsoid of revolution The equator itself is slightly elhptic, 
the longer and diorter diameters being respectively 41,852,864 and 41,843,096 feet The 
elliptieity of the equatonal circumference is therefore and the excess of its longer over its 
shorter diameter about two miles The vertices of the longer diameter are situated in longi 
tudes 14“ 23' E and 194” 23' E of Greenwich, and of its shorter m 104“ 23' E and 284° 23' E 
The polar avia of the earth is 41,707,796 loet in length, 
meridian (that of longitude 14° 23' and 194° 23') has for its 
of longitude 104“ 23' and 284” 23') an eUipticity of ~ ” 

General Schubert, in the Memoirs of the Imperial Academy of Petersburg, exhibits a some* 
what different mode of treatment (less exact, Sir J Hersehel considers) leadmg to a similar 
but not altogether coincident result “He makes the elliptieity of the equator and places 
the vertices of the longer ai(is 26" 41' to the eastward of Captain Clark’s His polar axis as 
deduct from each of the three great meridian arcs, the Russian, Indian, and French respec- 
tively, 18 41,711,019 feet, 41,712,534 feet, and 41,697,496 feet, the ifiean of which, giving to 
each a weight pioportionM to the length of the arc from which it is deduced, is 
feet.” 


, and consequently the most elliptic 
elhpticity and the least so (that 
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Density of ike Earth The number which expresses the ratio of the mass of the earth to that 
of the same bulk of water To determine the mean density of the earth is to find an answer to 
the question, Is the moss of the earth greater than it would be if composed throughoftt of witer 
at the ordinary density, and if so, how many times greater * The ordinary data of astronomy, 
taken in conjunction with the laws of gravitation, give the proportions of the mass of the earth to 
the masses of the sun and the principal planets , and thus the deterinmation of the absolute mass of 
the earth w ill at once give determinations of the absolute masses of the sun and planets , and then, 
as their dimensions are known, their densities can be found We may then determine, for in- 
stance, whether the planet Jupiter is composed of materials as light as water, or as light as coik 

The obvious importance of these investigations mduced philosophers long since to attempt 
ckitj.ninations of the earth’s density , and four classes of experiments have been devised for it 
The first kind of experiment depends on the attraction of a mountain, and has been tried m 
the noble Schehalhcn experiment, and latci by Colonel James and others. It rests, m the first 
phee, upon the use of the zenith sector, and, m the next place, upon our approxuuato Icnow- 
ledge of the dimensions of the earth 

'Hie renith sector consists of a telescope with a graduated arc attached to tho lower end, and 
a plumb line attached to tho upper end (See Zenith Sector ) If the same star were observed 
at two places, the telescope would necessarily be pointed in the same direction at the two 
places , and the difference of direction of the plumb-line, as shown by the different points of the 
graduated arc which it crossed at the two places, would show how much the direction of gravity 
at one place is indmed to the direction of giavity at the other place Now^ fiom our know- 
ledge of the form and dimensions of the earth, we know that the direction of gravity changes 
very nearly one second of angle for every lOO feet of horizontal distance. Suppose then, tliat 
tivo dat -ins were taken on Schehalhcn, one on tho north side and the other on the south side, 
lud sujipose that their distance was 4000 feet , then, if the direction of gravity had nut been 
influenced by the mountain, the mchnation of the plumb hues at ^ese two places would li.ive 
been about 40 seconds 13 ut supposo, on applying tho zenith sector, in the way just described, 
the inclination was found to be really 52 seconds The difference, or 12 seconds, could only bo 
cijiuiincd by the attraction of tho mountain, winch, combined with what may bo called” tho 
11 ituril direction of gravity, produced directions mchned to these natural directions In order 
to infer from this the density of the earth, a ctdculation was made (founded upon a very accu- 
r ’ti ni< asure of the mountam) of what would have been the disturbing effect of the mountain 
if I had been os dense as the interior of the earth It was found that the disturbance was really 
oiilj I seconds Conscqnentlythe proportionof thedensity of themountaintothatof the caith 
IV as as 1 2 to 27, or 03 4 to 9 neatly From this, and the ascertained density of the mountain, it fol- 
lovvcdihat the mean specific gravity of the earth would be about five times tliatof water Tho only 
objection t ^ this admirable experiment is, thatThe form of country near the mountam is very irregu- 
lar, and it IS difficult to say how much of the 12 seconds is or is not really due to Schehallien 

The effect of the attraction of a mountain on the direction of tho plumb-line wad observed m 
*738 by Louguer and other French academicians during experiments on Chimborazo in Peru 
lion' recently. Colonel James, superintendent of tho Ordnonco Survey, by observations made 
ou Arthur’s Seat, near Edinburgh, has deduced a mean density of 5 31& 

Another mode of deteimimng the earth's mass, is founded on the fact that a pendulum sus- 
pended at a considerable elevation above tho earth will oscillate more slowly than one at the 
earth’s surface, on account of the diminution of attraction with increase of distance from the 
centre of the earth Clearly, if the pendulum, instead of being smiply raised above the earth, 
IS placed at the sunmut of a mountain, the attraction of that mountain mass will ajiprcciably 
affect the result, and if we know the mass of the mountain, we can deduce an cstiTnatc of tho 
earth’s mass From observations made on Mount Cems, on this plan, Carhni and Plana have 
deduced 4 950 for the earth’s mean density. 

The converse of this plan is abo obviously avaHable as a means of estimating the earth’s 
density Professor Airy, in 1826, first contemplated tho solution of tho problem by the 
determination of the difference of gravity at the top and the bottom of a deep nune, by pendu- 
lum expuiuncnts Supposmg the difference of gravity found, its application to the determina- 
tion of density may he thus explained. Conceive a spheroid concentric with the external 
spheroid of the earth to pass through the lower station in the mine It is easily shown that 
the attraction of the shell mcluded between these produces no effect whatever at the lower 
^tion, but produces the same effect at the upper station os if aU. its matter were collected at 
‘™ ®a'rth.’8 centre (See Attraction ) Therefore, at the lower station we have the attraction 
//k ° mfunor mass only , at the upper station we have the aturaction of the interior mass 

h a<t a greater distance from the attracted pendulum), and also the attraction of the 
BhelL It IB plain that by makin g the proportion of these theoretical attractions equal to the 
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proportion actually observed by means of the pendulum, we have the requisite elements for 
finding the proportion of the shell’s attraction to the mternal mass’s attraction, and, therefore 
the proportion of the matter in the shell to the matter in the internal mass From these data 
the mean density is at once found It*will, of course, be understood, however, that the actual 
solution of the problem'is complicated by the fact that the extent of the mme itself, as ucU as 
the nature of the strata tlirough which it is formed, have to bo considered 

Having tried the experiment in 1826 and in 1828, and failed through accident, the Astronomer 
Royal renewed the attempt in 1854 at the Harton colliery, near South Shields, where a re 
puted depth of 1260 feet could be obtained 

The two stations selected were exactly in the same vertical, excellently walled, floored, and 
ceiled Every care was taken to secure solidity of foundation and steadiness of tempcrattOlb 
In each station (the upper and lower) was mounted an invariable brass pendulum, vibiating by 
means of a steel knife-edge upon plates of agate, earned by a very firm iron stand C]u-,c 
behind it was a clock, and before it a telescope mounted so thatcomcidences of the pendulum of the 
cloek might be accurately observed through a sht m front of the telescope By this means the 
proportion of invariable-pendulum swmgs to clock pendulum swmgs was found, and then as the 
clock-pciidulum-swings, inanyrequired time, are denoted bytho clock dial, the corresponding num 
bers of iiivanable-pendulum-swings at the two stations wete determined In order, however, to do 
this, the clock rates had to be frequently compared , this was done by means of electrical ajijiar itus 
In this manner the pendulums were observed, with 104 hours of mcessaut observations., 
simultaneous at b^th stations, one pendulum ^A) being above and the other (B) below , then 
with 104 houis, B above and A below, then with 60 hours, A above, and B below, then 
with 60 hours, B above, and A below 2454 effective signals were observed at each station 
The result showed that the pendulums suffered no injury in their changes , and that tho 
acceleration of the pendulum, on being earned down 1260 feet, was 2\ seconds per day, or th.ic 
gravity is increased by jnjjg part It does not appear likely that this determination can be scn'-i 
bly in error Hence Mr Airy calculated that taking into account, as far as possible, tho 
configuration of the mine, and the structure of the neighbounng region, tho earth’s density i» 
6 565 He adds that ho considers tins result to be comparable on at least equal terms with thoi-e 
obtained by other methods , an opinion which seems more than questionable, when the cum 
plexity of the considerations to be attended to in the mine method is fairly taken into account 
The last method we shall refer to, is that apphed m tho well known Cavendish exi>cnmtut 
The method was suggested by Michel, and, since the experiments of Cavendish, it has been 
applied by Reich of Freyberg, .and by the late Francis Baily It involves, in princijilQ, the 
diiect compansoii between the earth’s attraction, and that exerted by a mass of known weight 
Two large globes of lead ore placed upon the cxt^mities of a strong horizontal rod, which can 
be turned in a horizontal jilanc about its centre A cord supports, above that centre, a hue 
horizontal rod, at whose cxtrcimties are two equal balls, about 2 inches in diameter When 
this rod IS as nearly in perfect equilibrium as possible (true equilibrium is seldom sCiurodl, the 
frame bearing the globes of lead is rotated on its vertical axis until they are brought iicai ly into 
contact with the small balls, on opposite sides Their attraction on these balls thus tends to 
sway the fine rod from its position of rest By turning the frame roimd in an opposite direc 
tion, until the large balls are again nearly in contact with the small ones, the fine rod 
IB swayed in a contraiy direction from its position of rest By observations made on the extent 
of these deviations, taking the average of many experiments (Baily made more than 2000), it 
is possible to compare the attractive force of the lead balls with that of the earth Of course 
the precautions necessary to insure success m an observation of so much dehcacy, are very 
numerous , and difficulties depending on the torsion of the suspendmg cord, on air currents 
resulting from differences of temperature, and so on, interfere to prevent the solution of the 
problem from bemg ngoroiisly accurate StiU it may fairly be asserted that more reliance can 
be placed on this method of determining the earth’s mass than on any other The results ol> 
tamed by the three observers, named above, accord m a very satisfactory manner The expen 
ments of Cavendish gave for tho earth’s mean density 5 480 , those of ^ich 5 438 , and those 
of Francis Baily 5 bto 'I'he mean of all the results obtained by this and other methods is 5 ^39 
We may thus fairly assume that the earth’s mean density is not veiy far from 5 6 tunes the 
density of water By combining this result with what has been already mentioned respecting 
the dimensions of the earth, we find that the weight of the earth m tons is roundly expressed 
by the number 6,000,000,000, 000, 000,0CX1,0CX} As the average density of the parts of the 
earth’s crust known to us is considerably less than 5 6, it follows, asiwas indeed to have been 
expected, that the density onoreosea 'with approach towards the cenin 

Temperature of the Earth Although we have at present no means of determining the me^ 
temperature of the earth, still less the actual temperature of different porta of the earth’s sun- 
stance at conaiderablc depths, ws have many reasons for behoving that the earth’s intend 
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IB at a much higher temperature than the xxirtions of the crust to which we arc vhle to ^lene- 
trate Passing below those levels at which the effects of the sun’s heat aie cxpciiciiccd, either 
in diurnal or annual vanatiuns of temperature, wc imd a grailual increase of tcnipciatuio as we 
descend The rate of increase has been estimated af nearly icxj” per mile of \crtical descent , 
BO that supposing it to continue through a distance of but lOo miles ‘(tliat is but a 35 tli p ut of 
the earth's radius), a temperature of no less than 10,000° Fahrenheit must exist at th it depth 
below lid Such a temperature would liquify all solid substances with which ne .11 e ac- 
quainted, and vaponse many solid elements As the increase of temperature has always been 
found, wherever Bubterranean excavations have been made, we must, at least until clear evidence 
to tbe contrary is adduced, suppose it to be a characteristic of all parts of the eaith'n ciu->t, so 
that we seem to have no escape from the conclusion that the whole interior of the cutli is 
molten It has been estimated, indeed, by M Cordier, that tho sohd crust of tho earth c.innet 
greatly exceed 60 miles m thickness Yet the researches of Mr Hojikins of Cambridge, into the 
phenomena of Precession {q v ) show that the earth cannot really be constituteil in the manner 
surmised by Cordier It may be questioned whether tho effect of the enormous presMiie to 
which the in tenor parts of the earth must be subjected, both from the weight o*’ the siijjcriii- 
cumbent portion, and from the action of the imprisoned vapoui of many of the tciTcstrial ele- 
ments (assuming always that the enormous heat we have referred to really exists in the iiitenor 
of the earth), must not euftice to remove the limits of the solid crust far below M Oiudier’s 
estimate Perhaps several hundred miles below the surface of the earth lu)ucfaction may 
begin, though far below even that depth there may still remain sufficient viscosity to prevent 
those free movements of the liquid nucleus which hlr Hopkins has dealt with 

But tho whole subject is too far removed from the range of observation il sciom c to admit 
of being dealt with satisfactorily We can only speculate as yet on the condition of tlic earth’s 
intciior , nor is it bkely that the time is as yet near at hand when we shall be able to do more 
The V lew put forward by Poisson that tbe heat observed in tbe caitb’s crust has lu'cn stored 
>ip while the solar system was passing in long past ages through a warm region of hpaci , seems 
' o speculative to ment very attentive consideration Yet it is not wholly iiniiossiblo that 
when wc know more reapectuig the sun's motion through space on the one hand, ami icsjiectmg 
the mode in which the supplies of solar heat aie obtained on the other, we may lecognisem the 
peci Li uities of the regions through which the sun hasbomo and is bearuig his family of jilanctv, 
the intorpr.tation of many problems of interest suggested by the present condition of the earth's 
iomocrature, and the traces of past changes m this respect 
E A.RTH CURRENTS TelegrapLic lines of considerable length are much distiiibed by 
wh it are called earth currents Strong irregular currents are observed to flow fnim one part of 

the line to another, affecting the instruments of course, and frequently rendering telegraphic 
(omniun'c.>ti >n for the time impossible But httle is known of the laws of earth curicnts, 
apparently they depend upon alterations, in the state of tho oaith’s electrification which produce 
currents in the wires by induction They occur simultaneously with magnetic stoiins and 
aurorm Hr Balfour Stewart ascribes earth currents and auroiai to secondary discharges taking 
place in consequence of variations in terrestrial magnetism 
earth shine a name given by astronomers to that faint light visible on the part of 
the moon not illuminated by tho sun, cither soon before or soon after new moon It may be 
assumed as certain that this bght is due to the lUuniination of that part of tho moon by the 
light which the eaith rcffects to her It must be remembered that at the time of now moon 
the earth shines m the lunar skies with a disc about 13 tunes as large as the disc of the moon 
on our own skies 
EBONITE See Caoutchouc 

EBU IjLITION {EbuUw, to boil, or bubble up) We have mentioned, under the head of 
f.aponsation, that there are two principal modes according to wluch a liquid assumes the gaseous 
condition — the first of these is evaporation, tho second ebullition When a liquid is heated it 
continues to acquire heat, until at a certam point vapour is formed within its mass, and the 
temperature no longer nses The liquid is now in a state of violent perturbation, and is giving 
off bubbles of vapour from the hottest portion of the mtenor of its mass , it is, m fact, in a 
state of ebuHitum, or, as we more commonly say, it boils The temperature at which ebullition 
takes place depends on various causes, the principal of which are tiic nature of the liquid, and 
the external pressure , substances dissolved m the liquid also afiTect its boding point, and to a 
slight extent the nature of the containing vessel 
A glance at the table, given under the head of Boding Point, will show the great variations in 
the temperatures at which different hquids enter into ebulhfion, and we can quite understand 
that this must be the case when we remember that, with a difference of composition in a sub- 
stance, we necessarily have a difference m the structure, weight, and cohesive force of its moleculesy 
whence they aasume the gaseous condition under very varied mrcunistances of temperature. 
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Ab regards the effect of external pressure, au increase of pressure raises the boiling point, and 
a diminution of pressure dimmishes it, because m the one instance theic is a larger amount of 
external work to be overcome than in the other The influence of pressure is most marked , 
certain volatile liquids — ether for examxde— which do not boil at ordinary temperatures in the 
air, boil readily in an cBllansted receiver Again if we heat water to the boiling point, and 
allow it to cool considerably, the boiling is instantly recommenced when it is placed under the 
receiver of an air-pump, on exhausting tlie air Since, therefore, a diminution of atmospheric 
pressure leads to a lowering of the temperature at which liquids enter into ebullition, we can 
well understand that tho boiling points of liquids vary with the elevation above the sea level , 
hence the height of a place above the sea level should always be stated side by side with tliu 
boiling point, when the locality possesses any considerable elevation At the summit of Mbnt 
Blanc water boils at 185“ F , that is to say, the boding point is lowered 27" F We can thus 
quite account for the statements of travellers, that in veiy elevated regions they have found 
it impossible to boil potatoes The height of a mountain may be roughly determined hy 
noticing tho boiling point of water at its summit, for by this means the pressure of the ur is 
slioivn, and the pressure corresponding to a given height is known The boiling xioint of watei 
has been found to be lowered about 1“ F foi every 590 feet of elevation 

Ponillet gives the following table of the boding points of water at vanous places situated at 
different heights above the level of the sea — 


Names of Places 


ilcight above 
the level of the 
sea 


Mean height 
of the 
PaToineter 


Boding point 
of water 


Farm of Antisuna, 

Town of Mieuipampa (Pern), 
(Xmto, 

Town of Oaiam irca (Peni), 
Santa I'e <lc fjoguta, 

Cuenoa (t^uito), 

Mexico, 

HospUeofS Oothard, 

S Veron (Mintiiiio Alps), 
lireuil (Valley of Mont Cemn\ 
Maiinn (Lower Alps), 

S Utini, 

Ileas (Pyrenees), 

Gavanne (Pyronoert, 

ItnaiK (in s 

B { Pyrenees), 

Piilaee of b llilcfonso (Spain), 
lUtlis of Mont d Ur (Auvergne), 
Pontarlicr, 

Midrid, 

Innsbruck, . 

ntuuich, . 

Lausanne, • « • 

Augsburg, 

Salzburg, 

Neufchatel, 

PlouibiCrcs, 

Clermont Ferrand (Fr6fecture), 
Geneva and Fnbiiig, 

Dim, 

Batisbon, . 

Afoscow, • • • - 

Gotha, . • • 


Turin, 

Dijon, . 
Prague, 

Mitoon (SaOne), 
Lyons (Rhone), 


Cassel, 

Gottingen, 

Vienna (Danube), 

Afilan (Botanic Garden), . 

Bologna, 

Parma, 

Dresden, 

Paris (Royal Observatoiy, first floor) 
Rome (Capitol), ‘ 

Berlui, 

Level of the sea. 


Degi ca Fah 
187 4 

190 1 

191 2 
>94 5 

195 6 
195 8 
19 H I 

199 i 
199 4 

199 6 

200 3 

202 t 

205 8 

203 o 

203 9 
2U4 I 

204 8 
zo-j 7 

206 3 

20 d O 

2oB 4 

208 6 

205 9 

209 X 
209 z 
209 3 
209 3 
209 3 
2og s 

209 7 
2og 7 

210 2 
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Whon a substance 13 smiply suspended in, or mi\ed with, a Iniuid, upon which it has no 
action, the boiling point of the h(|uid is not altered, thus, if saw-dust or sand is mixed with 

water the boiling point remains 212“ F But if the substance is actually ilissolicd 111 the 

hipiid the boding point is altered, thus a solution .of biiue has a higher bui iin; point than 

water, and a solution of resin in alcohol, than alcohol , but if wo mij: alcohol fboilmg point = 

173 1° F ) wnth water, we have a inixtuie winch juissesses a higher boding point than ahohol, 
and a lowoi boihng point than water A saturated sohitiou of common salt boils at 227 12'' 
F , vn<l a saturated solution of chlonde of calcium at 355 1° F 

The air winch is dissolved 111 liquids tends to lowei their boding point When water h is 
been freed fiom air as completely as possible by long continued boding, it may be 1 used to a 
tcipperature f.ir above the boiling point, without enteiiiig into ebullition M Doimy of (Iheiit 
lias nised water thus freed from air to a temperature of 135“ C (275° F ) without ebullition, 
In t above this temperature the heated water was jerked violently fiom one cud of the tube 
coutainmg it, to the otliei, and sometimes an explosion took jiliee with extreme violence Mr 
Ihove found that water might be boiled to drjncss, ainl yet peimaiient gas was given oil eon- 
tiiiuonsly “I bebeve," ho wiites, “that no one has seen tlie phenomenon of jiuie boiling 
without permanent gas being fioed ” 

W.itei boils at a higher temper ituic in a gla«s thin m a metal vessel , the boiling point may 
be raised to 102“ C 111 a gl iss v'sssel, and if the Uttei bo hueel inside with lesiii, tin watei may 
itl nil a temperature of 105° C 

According to Mr Tomlinson (Proc Boyal Society, iSGq) a liquid at or near the boiling jioint 
IS a supersaturated solution of its own vapoui 

Nuclei (see Nudeus) act on such a solution under similar renditions to those of siqii 1 saturated 
F.iliw solutions (see *S'«p( the nuclear body having a stronger atU ution for the 
V qKiur, thui for the liquid of the solution 

y leb a solution adheres to a cathansed or choinKally clean body (sec C(tthaui,m) as a vvhoh, 
and lui'ce there is no separation of vapom fiom suih surfaces 

The action of such a solution is to coiivei-t unde in 01 imelear into cathansed or non mieltar 
irfacos, when the bolutioii adhering to tlnm .is a whole, more vapiour passes into solution, and 
the tempi lature uses until tho el istic foier of the dmolvod v qtoiir, overcoiiimg the idhesivt 
foico of the li((uid, a portion escapes m a burst, with a sort of dull exiilohion 'J'his piodiiees an 
mn ediatc depression 111 temperaimt, but the steam again accumulatmg, pioduccs a use in 
tciiq'i ratu-e, and then niiothei buist, and so on 

This bursting ebullition occasions a jumping of tho vessel, nr soKfoesawf, as it is called in 
* uneh science This is occasioned by the biiist of steam escaping along the line of least re- 
•-istaiiee, or by tin’ mouth of the vessel, and producing a correspondiifc reaction 01 jiiossiiie in a 
ili)wnw'ard ctirccticm upon tho support of tho vessel It is the lehoiind from this that occasions 
t’u Using 01 jumping of tho vessel 

If a Vessel containing water and a little sand, all thrmically clean, bo snspcndnl by i piece 
of elastic, or by a weak spnng, and be boiled, the motions of tho vessel can be leachly tiaeeil 
In the distillation of many licpiids, espe cully vinous anil ethereal ones, tlicir action ih to 
cathanse tho interior walls of the retort or other vessel, andthuspioducc dangeious sowiitKuds 
Bits of motal, fragments of glass, sand, &c , put into the* vessol as “piomoters of vapoiisatioii,” 
prevent or mitigate the humping for a shoit time', hut they soon heeonie eheuiieally clean, and 
then aggiavnte the evil they weie intended to prevent by enlaiging the adliesioii fiuifacc'u in- 
stead of the V apoui -giving surfaces 

It was commonly sujiposcd that rough or angular bodies were peculiarly active in liberating 
vajiour , but Mr Tcinlinson has nhown that such bodies, if chemically clean, are cjuito inactive 
as nuclei Hough bodies, however, stoic up nuclear mittei in their furrows, and they aro not 
so rcadi'y cathansed as smooth surfaces 

i'hiii IS, however, one sot of bodies that has the jiroperty of hberatnig vapour from solution, 
and does not lose it by use or by being cathansed Bueh arc pmous boclies, the best of which 
is ell irecial, and the best eliarcoal is that made from cocoa nut shell 

Cocoa-nut shell charcoal, on account of its superior clensity, occupies the bottom of tho vessel, 
containing hcpiids somewhat heavier than water , and wlii'ii heat is a]i]ilied, the ehareual kicks 
or jumjis instead of the vessel , while at the boihng point the charcoal jjours out unceasing 
flootli, of vapour, lowering the boiling point, and increasing the quantity of the distillate with 
the same amount of heat 

Mr Tomlinson has drawn this conclusion from a number of comparative experiments, in 
winch the amount of liquid boiled or distilled without the assistance of a nucleus, is com- 
pared with the amount obtained with a nucleiM Thus water lost in boiling, durmg twenty 

nunutes, 995 gnunB but when a few bits of coke were added it lost 1 130 grams m the same 
tune 
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This gives ratio of products 100 1136 

In. another case where charcoal was the nucleus, the ratio of results was 100 127 4 
Methylated spirits of wme hoihng at 1 7 1“ F was distilled, the distillate in five minutes weigh 
ing 244 grains With 20 grams of charcoal the distillate in five minutes weighed 325 grains, 
or as 100 133 2 , ' 

Instead of charcoal 20 grains of pumice were put in the retort The ratio was then as 
100 I2I 7 

With 20 grains of meerschaum as lOO 1 12 
With 20 grams of coke, as 100 107 46 

Porous bodies, such as cliarcoal, pumiCe, meerschaum, and even a bundle of capillaiy glass 
tubes, act either on Saussure’s principle of the absorption of gases by porous bodies, or by 
affording spaces for the pent-up steam to expand into and so esca^ie 

ECOEN'miC In astronomy, a term belonging to the the Ptolemaic System, (7 * ) 
ECOENTlifU In mechanics, a wheel re volvmg about an axis which is not its centre of 
figure, HO as to produce the alternate action of the valves of a steam engine 

Let ns suppose C to he the eentre of a metallic circular plate, and let the plate be pierced at 
C, a point between C and the circumference, for the reception of the revolving shaft Ijct the 
circiilir pi ite be fixed to the shaft so as to turn with it 'I'he centre C of the plate will describe 
a circle round the centre Cr of the shaft, the radius of which will bo the distance C (x The 
disc anil sh ift form an ccccntnc A mchillic nng or collar fits the circular plate so that the 
latter can turn m thi,' f (inner An aim divided at one end into two prongs is attached to the 
sides of the ring While the eccentric revolves, since the nng does not partake of its revolution 
the aim will be altematcly driven to the right and left in the 1 evolution Suppose the arm to 
be on the right of the shaft, then when the ccntie C of the disc and the centre (5- of the shift 
are in tl s line line with the dirtction of the ann and (! on the right of G-, then the arm has 
its liiiiitiiig position on the nglit, but when half a revolution of the mam axle has been made, 
C will be on the left of G, and the arm will then hive its limiting position on the left The 
length through winch the aim moves la tcimcd the thiow of the ccccntnc, the throw is thcre- 
foro equal to twite the distance between the centies of the disc and shaft By means of an 
arrangcintnt of levels the arm moves the slide valve of the engine, and it is evident tliat by a 
suitable adjustment of the (ccciitiie upon the shaft, the valves maybe opened and closed at any 
required jmsition of the ])istnii in the cylinder 

ECt'KNTmOlTY OF AN OilBlT (t'x, out of, and Kfvrpov, a centre) The absolute 
ecceiitiicity of an orbit is the distance between the centre of an elliptic orbit and cither fetus 
But, wh.it IS .alw.iyH understood by istioiiomcrs as the ceceiitriLity of an orbit, is the r.atio 
wbith the above distancS beais to the mean distance, or Beini-in.ijor axis Thus it the ecren 
tiicity of an orbit is said to be 001, wliat is meant is that the eentre of the orbit is at a 
distance from either focus, equal to j J (,th p irt of the semi major axis of the orbit 
ECHO Hce lUjlcdion of Sonvd 

EGIAl’SK to fade away, to vanish ) The obscuration of one celestial body by 

aiiothei, whethir by the direct interception of tlie light coming fiom the foi-mer, or by the 
intcrccjitiuii of the light by w'hich the former is illuminated Eclipses of the former kind 
include oceiiltatioiis of stars and planets by the moon, transits of the satellites of dupiter and 
Saturn over the disc of their priniines, the oeeuIt.itioiis of these satellites by their jirimanc'., 
and transits of Voinis and Mercury over the face of the sun But, commonly, astionomirs 
restnet the tiiiii echjise to events of tlio followmg classes — 

(i ) 'J’he obscuration of the sun by the moon, which is called a sviar ecUpse 
(2 ) The obscuration of the moon by the shadow of the earth, which is called a lunar eclipse 
(3 ) The obscuration of a satellite of a pLinet by the slwduw of the primary, which is c died 
an echpse of a satellite, as distmguished from an oeeultatiou of the satelUte by the disc of its 
pmiiary 

A few remarks must be made on the general subject of solar and lunar eclipses before we 
procei d to coiisidci them scpaiatcly 

Since the moon circles round the earth in a path inclined rather more than 5° to the 
plane of the ecliptic, it is clear that an cchpsc can only take place when the moon, at the time 
of “new” or “full,” is near one of the points where she crosses the ecliptic — in other words, 
near one of her nodes At this time, then, the moon's line of nodes must be directed nearly 
towards the sun Now, considering successive conjunctions of the three bodies, — the 
earth, sun, and moon, — on nearly the saino bnc, and regarding the moon’s orbit, for the 
moment, as moving parallel to itsclt, precisely as the earth’s equator does, it will he evident 
that as these conjunction^ take place atinteivals of aliout a fortnight along radial lines from 
the sun, winch advance with the earth’s motion, there are only two seasons of the year at 
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which they take place when the Lne of the moon’s nodes passes nearly throii!;h the snn 
(precisely as the sun is only twice a year upon the plane of the earth’s equator) Ami all that 
19 necessary to make this view of the case correspond with the actual facts, is to remember that 
ihe moon’s line of nodes has not a fixed direction on the ecliptic, but sometimes pios'iessinir^ at 
cithers retrograding’, on the whole is carried retrogressively round the ecliptic once in somi what 
less than 19 years, so that it passes, in reahty, 40 times through the sun m that time, in-^itcad 
of only 38 

Hence about 40 times m 19 years the moon’s orbit is favourably situated for the nccurrencc 
of an eclipse One of these epochs cannot pass 'without one eclipse at least , frequently there 
occur two, and sometimes there occur three Thus there must always lie two pclipsis, at 
1 ist, in every year , and there may bo more The absolute maximum is seven, coi responding 
t<i the case in which three eclipses occur at each of two eclipse seasons (to com a convenient 
woiil) and an eclipse belonging to a third season just falls w ithin the year — the possibility of 
which will be seen when it is rememhered that the interval separating these eclipse seasons is 
soiiicwli.it less than half a year 

I’ut now let us consider how it happens that there must bo one, and may be three, eclipses at 
each of the cclipse-aeasona 

Suppose the line of uodes passed through the sun when the moon was one qii irti'i full 
Then, l)oth at the preceding and at tho following conjimctious (using this teiin for cimvenicnec 
to include both new and full moon), the line of nodes lies still too near to the sun for an ct lijiso 
to be aioidcd Hence in this case there must be two eclipses , and as this is tho most f.ivour- 
ablo case for the absolute avoidance of eebpse , and, as tbia case fails, we see that, in no c ise, 
lan an eclipse be absolutely avoided Hut suppose that the bne of nodes passes tliioiigli the 
'1 a' tbc time of new moon Then there w, of course, an cclipso of tlie sun, ( i c 1 ntral 
ijic) Now the interval of time separating this conjunction from the preceding and folliming 
full moons is about twice as great as the intervals which, m the la't case, scpar.itod tin times 
of conjuiifaon from tho passage of the line of nodes through tho sun’s cont re Hiini the 
d *■ u( c of the moon from her nodes is so much grcatci, at both these tjimlis, th it 110 ji.ut of 
111 i lobe falls withiu tho earth's shadow, and, tlicrefore, there is no lunar iihpsi 'I'lius 
till re occuis but one eclipse at this eclipse season, and that eclipse is a central sol ir one Hut 
il 1' woifh notuing that, in this instance, tho moon, at both the ejioclis considered, passes 
tiiruugl tlio penumbra of the earth, and that, though the Nautical Aim mac takes no note of it, 
till ’ I. d vays one pcnumbial lunar eclipse, at least, whenever a solar eclipse occurs, wlntli is 
11' itl fi preceded nor followed by an ordinary lunar echjiso at the jireecding and following 
01 1 111 uiico of full moon Thirdly, if the line of nodes jiasses through tho sun at the tune of 
full nioiiii, there is a total lunar eclipse At tho jm coding and followinjf conjunctions of the 
mil and U' an, the moon would, in this case, be considerably n moved from her iiocU , but not 
''O fu but tlrit she would partially eclipse the sun Thus, in tins case, tlioro would be throe 
I < lip'i s, one lunar ami central , the others oeeuning one about a fortnight before, and the other 
ibiiut a fnitnight after, and both of them solar and jixrtial 
It wib easily be seen that in mtemiediate cases, one or other of tho three results hero eon- 
'-ideied iiiiist take place There can nos cr be more than three eclipsis, nor hss than one , if 
then are tlircv-, two are solar and partial , if there is liut one, it is solir and cential Whiro 
then sio two, one must be solar, the other lunar , and < ithcr, hut not both, may be total 

It folhiiis that, on the whole, solar echpses must be more numerous tli in luii.ai ones, since, 
xiheiieiLr a singlo eclipse occurs at the eclipse season, it is a solar one , and, whenever tliieo 
"*eur, two out of the three are solar It has been e.ilculated that for c vcTy 21,600 luii iticms, 
tlure are 4,072 sohir and 2,614 lunar eclipses 'J’ln general reason for this numeric il siintn- 
I'rity of i.iil II- eclipses is easily recognised in the fact, that if a cone be conceived to iiielose both 
tie earth iiul sun, its vertex lying without the earth, a solar eclipse will oeem wlieiievir tbo 
iiioon, in passing between the earth and sun, comes wholly, or in part, within this cone, wlnlo 
a luiiiv (clip‘e the moon must also pass wholly, or in part, within tins cone, but outsido 
lie c vrth s 01 bit, or where the cone is smaller (See Ecliptic I/imitg ) 
lu the i ontrary, if penumbral lunar echpses (which theoretically correspond with partial solar 
f'lji si 111 iiieludcd, lunar eclipses will be the more frequent, since then a lun 11 celijisc will occur 
''h'ncur the moon (beyond the earth’s orbit) passes wholly or in part within the cone enclosing 
“'th tho earth and sun, but havingits vertex between these bodies , and it is easily seen that tho 
“f tins cone at the moon’s distance beyond tho earth's orbit is gre‘ator than, the section 
t* tho foimer oime at the Riyon’s distance within tlie earth’s orbit 

t<' be added that, at any given station on the earth, lunar eclipses are more often seen 
an solar ones, the reason being that a lunar eclijise is visible from all stations at which tho 
IS -i isible, whereas an echpse of the sun is only visible from a hmited portion of tho 
'^i'lth s surface. 
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Wo proceed to consider the special characteristics of solar and lunar eclipses 
Solar Eclipse A solar eclipse may be total, annular, or partial In a total cchp^e, the whole 
disc of the sun is concealed by the moon , lu an annular eclipse, the whole disc of the mew in 
projected within the sun’s , in a partial othpso, the moon’s disc overlaps the sun’s, the outluK,, 
of the two discs being, 'in this case, interscctmg circles 

We may consider solar eclipses in two ways If we conceive the motions of the sohr in,l 
lunar discs, and remember within what limits these discs vary m size, we shall see that the 
various orders of solar eclipse are fully accounted for The binits between which the aj^ijaunt 
diameter of the sun vanes are 32' 36 4" and 31' 31 8" , while the lunar disc vanes ni npiiartTit 
diameter from 33' 31 1" to 29' 21 9" Thus central sotai eclipses may vary between tin 
when the sun’s disc has its greatest and the moon’s its least diameter, m which case a iing of h 
will remain whose breadth will be 


i (32' 36 4"— 29' 21 9") , or i' 37 2", 

and the case when the sun’s disc has its least and the moon its greatest diameter, in nh i.h 
case the moon’s disc wiU extend beyond tbe sun’s by a breadth of 

i (33' 31 i"- 3 i' 3 » S") , or 5 96" 

Or, instead of adopting this mode of vicwmg the subject, we may consider the nature of the 
cone as enclosing both the sun and moon, and having its vcrte\ beyond the moon 'J'lio pirt c>t 
this cone which lies beyond the moon la the moon’s shadow If, at the time of new moon, any 
part of this shadow falls on the earth, the sun is totally eclipsed as respects all those phm 
which aic thus iv shadow On the contiary, it is easily seen that if the sharow docs w>t n uli 
the earth, but tho production of the cone beyond its vortex does, then to all parts of the cai th on 
which this produced part of the cone fnills an anuulat eclipse is visible If neither the conn nor 
its production beyond the vertex touches the earth, but a cone enveloping both the monii ai il 
sun, and having its vertex between those bodies, reaches the earth, then, at any part of the 
earth falling within this cone, the sun aiipears partially eclipsed 

Luuar Edtpses For the occurrence of a lunai eclipse, all that is necessary is tlicat the moon 
should pass within the cone enveloping thceun and eaith, and haviDg its veitcx out'Kh the 
earth The diameter of the cross section of this shadow cone, where the moon’s orlnt I'O'-scs 
across it, must, however, be supposed to be increased by about i-Coth part, on account of the 
earth’s atmospWe Tho diameter of the reduced secliuu exceeds the moon’s on tho avci.i„L 
about three tunes 

For the phcuooicna presented during solar eclipses sec Corona, Pi ominences, &c Piinng 
lunar eclipses few phenomena of importance have hitherto been noticed The most rem vrk ihh , 
perhaps, is the red and almost fiery colour bomctimcs presented by the moon when tcitally 
echpsed Somctimcis, however, the moon has been wholly invisible at such times 
For eclipses of Jujiitcr’s satellites see Japtlet 

ECIilf’nC {ix, andXeljTu, to pa'S away from) Tho great circle of the heavens along 
which tho sun’s centre appears to move in the course of a yc,ir Its name is denved from tbe 
circumstance that eclipses, either of tho moon or of the sun, can only happen when the formi.r 
bcxly IS on or near the ecliptic The ecliptic is mclincd about 23,^ degrees to the ccpiator (bee 
ObliquUif of the Ecliptic) It is divided by astronomers into 12 portions, each of 3odc''!ice^ 
These are called signs, and serve conveniently to indicate the course of the sun along the c ircb 
The pouit whero he passes from the southern to the northern side of the equator is c illi d tho 
first point of Aries, and the sign Aries extends 30 degrees from this point Then fol'ow the 
signs m the order — Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libra, Scorpio, , 

Caprtcomus, Aquarius, Fisccs The sun’s motion along the ecliptic is not uniform, so tli it 
continues a longer time in some signs than in others He moves most slowly along the cclii’i‘>- 
m summer (Compare Aiies, Taurus, &c , under which heads tbe approximate dates on wind* 
the sun enters and leaves each sign will be found specified ) Owing to tho jircccssmn <>f the 
equmoxes, the signs no longer agree with the constellations which bear the same name, the We** 
Aries falhng on the constellation Pisces, and so on 

ECLIP’riO LIMITS The limits on either side of the lunar nodes, within vihich the mnon 
must he when new or ^ull, in order that a solar or lunar cchpsc may take place Foi a 
eclipse the limits have on average value of 16° 50' , for lunar eclipses they have an a^ti >b<- 
value of 10“ 53' 

EFFUSION OF GASES. The escape of gases through minute apertures into aiac****®. 
In his experiments to determine the rate of effusion of gases, Graham used thin shoots of ***^^ 
or glass, perforated with mmute apertures 086 millimetres or 003 pf an inch m diameter 
rates of effusion coincided so nearly with the rates, of diffusion as to lead to the conclu-ion 
both phenomena follow the same law, and, therefoie, the rates of effusion aio mversely as tus 
square roots of the denhities of the gases. (See Etjfuston.) 
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ELASTIC rOKCE OF VAPOUll The clastic force of the aqueous vapour in the ,it- 
mospbere is an important element of meteorological inquiry It is, m reality, that jioition of 
the barometnc pressure m Inch is due to the aqueous \apoiir lu the atmospheie, and maybe 
re>''udLd as propoi'tioiial to the absolute humidity of the air 

ELASTICITY [Llaititus, from l\a^vcLv, to drive) The proiicrty of cerhun bndns by 
winch, after having been compressed or extended, they recover their former figuio and iliiuen- 
Mon on the removal of the compressing or stretching force The most elastic bodies aic gasi s, 
mil tlieic seems to be no limit to their elasticity It a tmaiitity of gas bo included in a synuge 
under a piston and be compressed by a force applied to the piston, on the removal of the fort e 
the gas will icgam its former volume, forcing up the piston until it have iccovercd the po'-itioii 
fiom which ^t had been driven by the compressing force Again, when the receiver of an aii- 
puiii]' IS partially exhausted the air left in it entirely fills it 
M'licn liquids are compressed they nrimcdiately leeovei their original dimensions when re- 
hci cd fiom the pressure, but the limits of compicssihility and el isticity in liquids are so n irrtiw 
tint foi all practical purposes liquids aie treated as incompressible and inelastic Solid bodies 
ililkr \ cry considerably in their clastn ity If a flat surf ice of steel be smeared with .1 1 oloiii mg 
matter, and an ivory ball be- allowed to thop U]Km it, the b ill will rebound On evaininnig the 
pirt of the surf<ice which struck the steel it wdl he found tint a laigc ciiciilar mark has been 
mule, showuig that the suifaco has been llitteiiei], but has leeovered its figure by virtue of the 
t lastieity of the ball Elvstieity of impact w measuied by a ooeflieient of cListieity which is 
(ousfciiit for the same substances When an elastic bar 01 stiiug is stretched by a force it is 
found by experiment that the extension vanes as the product of the ongmal length mil the 
stretihing force If the stretching force bo nniltqdied by the ongmal length and ilivulul by 
Ihi i'll r ase of length, the quotient is a constant (|u intity termed the modulus of elasticity 
'1 Ills is termed, from the name of its discoveier, Hooke’s law The uiodiilus of elastic ity foi luy 
1 11 ifoim bir or string IS the strain which wonltl stieteh it to double its natural length The 
fel owing sable of moduh is based on I'rofessur Kanlviiie's, (Applied Mechauies, p 631 ) 

Materisl Modulus Matonal Modulus 

^Vlm^ght Lon bars, 29,000,000 f’oiqierwirc, . , . i7,ooo,(X)0 

<■' 1st lion, . . . 17,000,000 Oak, . . . 1,450,000 

V>ias‘, .... 8 , 900 ,ocxj lyaicli, . . . 1,050,000 

hie' , . . . . 2 g, 000,000 I'lr, . . . . 1,330,000 

1 1 / \ VriCITY, OR TENSION, OF GASES All gases are, as far as is known, possessed of 
pciiiet elasticity, that is to say, if the pressure which has compressed tlmin be witliiliawn they 
w ill u ^iiine exactly their ongmal volume If we regard a cyliin li le d tube, open it both ciidH, the 
(nrwill()i' s u,)on both the iiihide and outside of tin substance and thus xmich it If one end 
of tl s' cylmdsr be closed, it will bo squeezed by the same fmee which the air, like all fluid'*, 
trinsmits equally in all directions Tjct us suppose now tli.it thcie is m the cylinder a ]iistuu 
' ithout weight It IB at rest I’rcssod downwards as before by the weight of the an ibove it, 
it lii no longer pressed upwaids by the chrcct jiressuru of tbc air (tins jirussure is sbiit oft by tlie 
closed liottom of the cylinder) , but it is pre!^stl^ uj) by the cl.aBtic foice or tension of the air 
beneath the cyhnder, which had been comiiresscil before the inston was introduced The 
cvistencc of both these pressures is easily shown by moans of tliu an piinqi 1’hns, let a sheet 
of caoutihoiic be stretched across one end of a cjlmdcr, the other cud being gtouiid flat upon 
iml Covering the orifice of the air pump plate ^Vhen the air is drawn ont of the cylinder the 
1 1 istio force or tension is withdrawn with it Consecjuently the pucssiirc of the iir on tho top of 
tin caoutchouc, meeting with no resistance from below, bulges tlie membrane iiiwanls If, on 
tbc othei hand, the mouth of a flask be covered with Ctuoutehoue, and the whole he jjut under 
the receiver of the air pump from wliieh the air is withilr.iwTi, the meinbr.ine will be foreeil out- 
v\ uds, because the elastic force of tho air m tho flask (due to its jirevious conqux ssion) will iwi 
1 ’'igcr encounter the atmos^iheric pressure which is withdrawn biimlarly a wit bladder, jiarti- 
•illy filled with air, will become fully distended when the xiressure of the suiToiindmg air is re- 
uioved under the receiver of the air pump 

IJA'CTIVB ABSORPTION OF LIGHT {Ueclm, selected ) In optics the term used 
to I vjimas the absorption of the rays constituting hght of a certain colour, m jireftreiice to thoaa 
eon>.tituting light of other colours (See also VtHoar, Absorption of ) 

LLI'jIJTRICAL fish Certain fish which have the jiowcr on being touched of giving an 
cleetne shock, similar to fhat given by a Leyden jar They have long been known, as is shown 
JO a memoir by Professor Wilson, “ On the Electric Fishes, as the Earliest Machines employed 
j^y Mankmd " — Edinburgh Philosophical Journal, 1837 Of late they have engaged the at- 
tention of many mvestigators, among whom may be mentioned John Hunter, Galvani, Beequerel, 

N 



ELE 


194 


ELE 


Brescliet, Humboldt, Matteuoci, Earadav The most celebrated speciea are the Gymnohi^ 
Electncm, or Elettnc Eel, and the Kata Tot ]vdo 

The former is found m South America m the streams winch flow into the Orinoco , and it 
was there thiit Humboldt studied its natuie It m a fish much like an eel, but witli a moit 
rounded obtuse nose thah ordinary Its length i.iries from three to six feet A specimen 
which Earaday examined was 40 niches long On touching simultaneously two points m the 
body of the fish a poweifiil shock !■. cxjierienrcd Ear wlay calculated that an ordinary di^ 
charge is equivalent to that of fifteen Loyden jars, havmg each 25 squ irc feet of tinfoil co it 
ing Humboldt describes the taking of wild horses 111 South America by the aid of the Crjni 
notus The natives dnve the animals in a body mb) .1 pond m wluch the fish abound, aiid'tlu' 
horses soon yield to the attacks, many of them being stunned, and some even killed 'I'h,^ 
shock becomes gradn illy weaker on frequent refietition , the fish itself becomes exhausted, uid 
after a time loses aitahty The discliiige has jwwer to pioduce momentary currents 111 the 
galvanometer, to give a spark, or to effect chemical decomposition The organ by which the 
shock IS produce d appears to he a speeics of jnle running from neai to the head to the tail, ami 
are supplied W'lth hoinc huiidreils of pans of iicives 

The 'Porpedo lias been carefully studied by Mattciieen It is a large fish, weighing often So Ihg 
much like a skate It is found lu the lUy of Bisciy and m the Mediterranean Its electmal 
pnqiertios are smiilai to those which base been dcsciibcd in the case of the (lyinnotus I’lii 
shock is produced by a double organ situated m the two sides of the head, anil uniting in front 
of the nasal bones r Each of the parts is composed of a ninnher of hexagonal prisiiis, iiresentin^ 
the ajipearance of a honej coinh, and four neives go to each cell The prisms art filled with 
a liquid which consists of nine puts of water, one of albumen, and some clilondc of soclmm 
Besides the Gyinuotus and To ipedo there aie soino less powerful electric fish, the il/ufuj, 
termus i.icrtiii’iis, which is found in the Nile, which is described by Professor Goodsir , tin 
Malaptetniaa lieninenais, described by Mr Murray, Edinburgh Philobopliieal Journal, 1S55, tltc 
Sdurai, and others 

ELECTRKJ BATTERY See Jin/to)/, Llertnc 

ELECTJtlC BRUSH AND GL(JW, SPEOTRUM OP THE RcLimkow has rxam 
med the spectnim of the olcetntal buish and glow (PoggendorfI Annahn, cxxix , jip 50S-520 ) 
When the spectrum of the sjiiik is afteeted by, and piodueccl in both nitrogen and oxygen, the 
hniah discharge only gives nitioi/m lints, and is not foinied at all in pure oxjgen , a ti.aee of 
nitrogen ontonng the tube is siilhoicnt to leproduco tho light and its peculiar hues The same 
IS true m regard to the luminous glow oliseived when clcctneity is discharged between two 
points, hut the latter sj^ec ti um is inucli f uiitei th in that of the brush It is eh iraeteristie ut 
these lines that they oeeiii in tin* most reliangible pirt of the spectrum Tins semis diu 
to the inurA ioiu j U nipci atm e in the biush and glow disthiige, as compared with the sjiuk 
discharge By introducing into the circuit of a coil a wet Btiiiig four metres long. Sc hinil ow 
made the nitrogen speetium of i Geissle. tube apjH'ar pre cisely like the blush sptetium the 
yellow lines had been weakened much more than the violet ones , at a low tempera tine, time 
fore, nitrogen seems bpeeially to emit the most refiaiigihle rays, which agrees with tlie obseii i 
tions of Von Waltciihofen, according to which the least refrangible rays are first cxtingiiislied 
when air 13 successively more and more ranfiecl Tims the brush and glow aie due to the 
luminosity of nitrogen at a temperatnie below that at W'hicli oxygen becomes luniiuous , and 
furthermore they consist principally of the moie lefrangiblo rays 
ELECTRIC Cl,iOCK See C’loii, /Jki/uc 
ELECTRIC CHARCE Sec (Vioi /r, Llerftir 
ELECTRIC COLUMN See Cofiimn, JJutiu, and Volta’s Pile 

ELECTRIC CONDUCTION See Omdutlwu, Electric, Conductor, and Reavstame, 
Electric 

ELECTRIC CIJRRENl’ Cunent, Electuc 

ELECTRIC DISTRIBUTION See Elertroatahra, second part 

ELECTRIC EGG An apparatus usctl £01 showing the phenomena accompanying the dis- 
charge of electricity through a partial vacuum In its primary form it is an oval sluipcil glass v es»( 1 
With an open neck at each • nd To one ojiemug is fitted a brass tube with a stop cock, wliieli i' 
arranged so that it can be screwed down to the nlatc of the air pump, and a brass rod carrying 
a ball projects from it into the inteiior Tlie other neck is also furnished with a brass fatting, 
thiongh whieli a second brass rod, tipped with a ball, can slide, an tight, in and out The egg 
IS exhausted, and thin wires from the RluimkoifFs coil are attached to the upjjer and lowif 
brass fittings, md the discharge thus made to pas» between the two brass knobs gives nse to 
the most beautiful luminous phenomena The negative ball 13 surrounded with a blue or purjile 
aureola, while red streams of light lasuuig from the positive ball widen out so as to fill abuoat 
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completely the oval-shaped interior It was observed by Grove that undoi ceitim circiim- 
stances, the hght presents a stiattfied appearance, and is composed of layers alternately blight 
and dark, whose general lie is at right angles to the lino joining the balls Siulc th it time 
(1852), the elcctnc egg has attracted the attention of Some of the greatest observtis, of Grove, 
Gassiot, Fluckor, Robinson, and otheis Thephenomenon of stratihca^iun is easily shown, when 
a few drops of alcohol, ether, or oil of turpentine are introduced into the egg, and the L\liaus- 
tion earned down to a twelfth of an inch of mercury The hght is then divided into leiitu ular 
masses, separated from each other by thick dark beds The general lit, of these Lijcrs is, is wc 
have said, perpendicular to the lino joining the balls, but they arc curved at each end of the 
egg, turning a concave side towards the balls This is particularly shown in the red light winch 
streams from the positive extremity The blue aureola round the negative b^ill, is seen to be 
diviilcd into two or three distinct envelopes, and a thick, dark space separates this blue light, 
which clings closely around its ball, fiom the diffused light which spreads out from the other 
When i iiious gases are introduced into the egg, the jihenomena aro exceedingly v iricd and 
complicated The colour of the light is altered and depends upon the nature of the gas intro- 
duced With hydrogen it is grccni&h blue , with oxygen, much the same as 111 the case of air, 
but whiter In nitrogen, it u. similar but more red at the positive end, while at the nigativc 
md it assumes a very intense dark blue With carbonic oxide, it is bright green, yellow at 
the positive end and blua at the negative , with caibonic acid gas it is w Into , and an intense 
hlup, xarjing to purple, is obtained with sulphurous acid gas and with ammonia Frequently, 
also, the gases become phosphorescent, and contuiue to glow and flash aflciHhc discbaigc has 
been stojipcd E Becqucrel has studied the phenomena of phosphorescence, and has come to 
the conc'usion that it may arise fiom two causes, cither from the glowing of the inoleiiiles of 
the g.i-ei themselves, or fiom the electrification of the interior of the glass, which gives rise 
to after dischaiges from place to place 

Tl'o action of a powerful magnet upon the electne discharge through a vacuum, has been 
btui'u d by Gassiot and by Plucker The lesults of Plucker are given m roggcTnloill’s Aiinalm 
Xos fill CIV , and m the Phil Mag for 1858, vol 11 He shows that the disehaige tonetn- 
ti itc > itself into a baud or bauds in the direction uf the magnetic curves, the position and foiiu 
ot the b iiids depending upon the position of the poles with respect to the points bi tween 
whuhtle discharge IS tikmg place Ho considers the case to bo that of an clectnc euirent 
t iking ) kico through a jflext/jle eotulactor, and mqmrcs what must be tho position of thocuuduc- 
t«l tor cquihbrium 

'I’ll I ivestigations which we have spoken of have been largely earned on by means of xvliat 
are know 11 as Gassuit’i Vacuum Tubes Mr Gassiot, for tho pin pose ofjjcxperimeutmg on this 
su'jjef t, UKide use of glass tubes of various sizes and shapes, thiougli which jdatmniu wires p.iss 
scaled iiiL I iiie g’ass, and which arc once for all exliansteil and bennetically scaled The idea 
was takiii up by Gcisslcr of Bonn, who, with the advice and assistance of M Fliickci, con- 
structed tubes of very varied forms filled with different gases, and at all degrees of c\h motion 
t acuum tubes are now universally made use of, not only for the purpose of iiivcstigatiun, but 
ill'll) f(,r lecture illustration 

The cause of the phenomena which we have described is still a matter of uncertainty Tho 
ongin of the >tratification has been discussed by Grove, Gassiot, itobiiison , by tiuct, Scgiim, 
and Moitcu , but it cannot be said that any satisfactory explanation of them has jet been offcicd 
e refer the reader for further information to I’iuckcr's papers mentioned above, and to 
those of iJr Robinson, [Phil Mag 1859 ) 

EliEGJ’RKJITY (■ijiKeicrpov, amber) A name applied to that wlncli is tlie cause of 
certain phenomena of attraction and repulsion, certain luminous appearances and jiliybiological 
effects Eleetiicity 19 generally spoken of as though it were a fluid or fluids, (see the eoncluding 
part of this article, and Electricity, Theories of) , and it is m this way that wo shall use tho 
■Word throughout this book It is however to bo understood that wc I woio nothing of tho real 
iiature of electneity, and that this conception is only used in order to give dcfiriiti ness to our 
luiguage and our thoughts What we do know are tho phenomena which cleetiicity gives rise 
to, and these we proceed to treat of 

According to the plan of this work tho various phenomena, facts, theories, Ac , are treatcil 
If undci their special names or designations Wo propose in this arbicle to give a veiy bnef 
•‘t.iteinent of the fundamental facts regarding electricity, and to point out where special infor- 
mation m ly be found 

As e,irly at least as the time of Thales, the fact that amber, when vigorously rubbed, acquires 
ie i»roperty of drawing to itself small light bodies, such a-s shreds of pajiir, wool, &( , w'as 
nov,-n Ihe same is said to have been observed, with respect to one or vwo other sub-itauces, 

the Greeks , but these remained isolated facts, and the study of tho science cannot be saicl 
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©■ven to have commenced till after the publication of Dr (lilbcrt’h Tiactatv<t de Marjnctc m 
1600, m which he treats of the forces of elcctnc and magnetic attraction Since that tune it 
has, on the one hand, been perhaps the most popular of experimental sciences with the exception 
of chemistry, while, on the other, it has given fowl for speculation to tho minds of the greatest 
mathematicians, and thfe study and examination of tlic laws of attraction, and lepulsion, and of 
electric distribution, have been among their favourite Libours 

Noi IS the interest of the Btud> great only to philosophers, or confined to naturahsts and 
mathematicians On the one side the phenomena are attractive even to tho most uiileamul 
an<l on tlie other the practical applications of electricity have already become, and are dailj 
becoming more and more absolutely essential to onr common comfort 

We proceed to describe one or two experiments wbicb illustrate tbe fundamental facts of tins 


science 

I Take a thick stick of scaling wax or shell lac, carefully dried from all moisture wLuli 
IS best done by licntmg very slightly befoie a fire, and mb it briskly with a piece of tboronghlj 
dry flannel Excitement, similar to that observed in amber by the Gieeka, is thus produced 
If the lod of wax bo brought near to any small light bodies, such as small shreds of paper, bits 
of wool, or a light feather, attraction will he at onco dibiilaycd, and the bodies will fly through 
the air to the wax On a dry day, and with vigorous rubbing, a crackling noise will he hcanl, 
and in the dark flashes of light will b< seen, while the rubbing proceeds, or if tho stick of v ix 
be brought near to the hand 01 face of the cx{)eruncnter The excitement disappears after a time, 
but may always beft'estored by smiple friction 

{2 ) liCt a light ball of elder pith, a ipiaxter of an inch in diameter, be suspended by a fine 
very dry thre.ul of silk from a convenient stand, and let tlic wax, after being briskly rubbed, 
be brought near without touclmig the hall Attraction will take place, and the ball he diawii 
aside from the vertical , but if the wax he removed, the ball falls hack to its place again 

(3 ) If the wax he hi ought near enough, the ball flies to it , but tho moment it has touclu I 
the wax, it is, instead of being attracted, powerfully repelled , and it now remains for a ton 
Biderable time repulsive of the wax, unless it be touched by some other body 

(4.) If under those circumstances a warm dry glass rod or tube he i-uhbcd with a dry silk 
handkerchief, and presented to the pith-ball now repulsive of tho wax, it will be found to attinct 
the ball, hut after contact has taken place there will be rcpulmor between them 

(5 ) I^astly, if after tho pith h ill has been touched, cither with the wax or with the glass, 
and the sunilarly suspended ball he brought near the first, it will be found that attraction takes 
place between them, but that after they have been in contact they repel each other 

The consideration 0% these experunents Icails us to the foUowmg fundamental remarks rc 
specting electricity 

First, we see the production of electricity by fiiction, and the manifestation of cicctiic foicj 
by means of attractions and repulsions produced by it 

Next, we notice the dual nature of the force, for we have seen the wax excited by friction 
attracting whore the glass also excited by fnction would repel, and gkiss attiacting whcic wax 
would repel 

Then we observe that electricity may be communicated by contact from an electrified body 
to one not electrified 

And linally, wc have an indication of the following laws — That electrified bodies attract 
neutral bodies , that similaily clcctnfacd boches repel each other, and oppositely clectiilioJ 
bodies attract each other 


Among the earliest discoveries m the science of electricity was this, that some hochea when 
rubbed gave apparently no electniaty whatever , and liciicc bodies were divided into two classes, 
detltics or those which can be electiified by fnction, and non ilcctnca or those which cannot , 
and the chief effort of the earliest experimenters in the subject was the separating of bodies 
into these two groups , but it w.is soon found th,it this distinction is merely apparent, and that 
tho difference depends upon what is called the power of condutlwn for electricity, which bodies 
possess m greater or less degrees Thus it was observed th.at, while a rod of glass or of seahiig 
wax might bo excited b', rubbing, no amount of fnction would electrify a rod of iron 
held in the hand But if we suppose for the present an electnc fluid produced or set free by 
rubbing, wo may imagine the fluid passing over tho surface of a body such as iron or through 
its ma^ and unalilc to move over or through sealing wax or glass When then tho electriuty 
18 produced by fnction upoyi glass, it remains where it was jinxluced, “ insulated ” as it is callcdi 
and exhibits its effects of attraction and repulsion towards external^ objects , but if it be 
dneed on such a body as rod of iron held m the liaiid, it is transferred through the iron, to the 
baud, thence through the body to the earth And this is found to be the case, for if the iron 
rod be oemeuted to a stick oi glass and thus supported, it can readily be eleetnfied by fnction 
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The traii'jfcience of electricity from one ^Miint to another thronyh or over the surfaic of a moss 
of matter la called cmdudioUj bodies by means of which the tranafcTCTice tabes place, arc 
called condiiUots, those which do not iieniiit it to take place are called non imiUu/lcy) s or jiisa- 
hitms It vias Gray who, in 1729, first showed the phenomenon of* eondnction , and Du Eay 
immediately after pointed out that electrics arc identical with non conductoi-s, and non * U dries 
with coniluctoi'j Among conductors me the metals, graphite, water , among non-condiutois 
or insnlai vrs are glass, scaling wax, gutta pcrcha, parafhn, kc , and all gases h or fuithcr in- 
formation, see Conduction, Conductor, lilatiica 

It is found that all bodies may be elcctrihcd by friction, if proper precautions, buch as those 
we have ]ust mentioned, bo taken, and that some arc electrified like glass rubbed with silk, and 
others hke wax rubbed with flannel If we use a testing body sucb as the suspendctl ]iith bill, 
oxf/ctuc pcuduluM as it 13 called, and clcctiify it m a known way, we shall he aide by its 
attradions and repulsions to distinguish between liodics electrified one way, and bodus electn- 
licd the other Instruments muic delicate than the electric pendulum aic coiisti lifted for the 
puqiose of testing, and they arc Ccallcd deeti oscopi 1 , (qv) Ily means of such lubtninicnts a 
division IS made, and bodies elcctiihod hke glass rubbed vcith silk are said to h<i jiont 11 el y or 
^dreolldl| (titi uin, gl iss) Jinujid, while bodies electrifaed like wax lubbed with flannel aic said 
to be ncqatiielq or jcunoudi/ tliarijed 

In the expeninents described ahov'c, two bodies were rubbed together, but only one of them 
was examined in each case If, however, the rubber w tested, it is ilso found to be eketnlied, 
hut the electricity vv huh it contains is of the opposite kind to that pi8diued on the body 
nibbed 'I’hus the wax and flannel being nibbed together, the wax is, as we h.ivo seen, nigv 
tivcly clcctiihcd, and, at the same time, the flannel is positively electnfu'il Tu fact both 
I lectiicities aia piodueed together, and in exactly equal anioimta Thu kinil also of tlic ilcc- 
tiicit} iiroduced in any particular substance by friction depends upon the body with which it is 
rubbed, and in the state <if the surfaces rubbed together Thus glass nibhcd with silk is 
] (sitively elcctiificd , nibbed with cat’s skm it is negatively elcctnfied , while glass, with its 
' use ruflfled, become negatively charged by rubbing with silk. 

The following is a list of vanous substances arranged, so that if any two of them be nibbed 
toi,i tbei, the one wlutli stands nearest to the begiuumg becomes positively electrified, the othei 
n- g vt My — 


Cat’s skm 
Flannel 
I lory 

I.'uck Cijstal, 


Wood, 
Shell lac. 
Kesm 
Metals 


Glass 

Cotton. 

Silk 

The Hand 


Sul2>hur 
Caoutchouc 
• Gutta jicicha. 
Gun cotton 


Elcctnfi cation may even be produced by nibbing together two bodies of the same matcnal 
whojo sin faces diiicr in some way fiom each othci Thus if a lough and a smooth siiifacc of 
the same* material, or a vvann and a cold surf ico, he rubbed together, the smoother 01 the colder 
beconRs positively eicctiihed, the other negatively When two eilk ribbons aic rubbed aeioss 
each other, that which is longitudinally rubbed becomes positively elect. ihod , and when a 
■kfhitc ribbon is rubbed by a black one, the white ribbon becomes positive hlcctnficatiou also 
takes place when a stream of air is directed from a jiair of bellows on a glass ])]atc‘, and a vciy 
]>iuvorful electric machine has been constructed to utilise the clcctiicity iiroduccd by wet steam 
blowing out through a narrow pijie (See Electno Machine ) 

I'liction is one of the chief modes of produemg clcctnc excitement , and since for the perfor- 
mance of clectncal expeninents it is frequently an object to obtain coiisidciablc quantities of 
tlectncitv, machines for the purpose of producing it by fnction under the most f ivmnablc cii- 
cumstanccs have been constructed , full descriptions of them will be found under the* head 
Llerinc Muihine But besides fnction there are other sources of elcctncity After clcavjgo 
or preshuro Certain laminated minerals, such as mica, arragonite, calcareous spir, cxliibit strong 
electnc excitement at the stirfaces cleft or pressed, one of these surfaces being always positive, 
and the other negative , and many other bodies, not imncraJs at all, ijosscss the hainc pioperty 
I bus if a disc of cork and a disc of caoutchouc be pressed together, and then separated, the 
lonncT IS found to be clcctiified positively, and the latter negatively Change of teinjicratiire 
also proihices electric excitement If a crystal of tourmaline be warmed, it shows positive 
electricity at one extremity of its principal axis, and negative at the other , and if it be broken, 
uiinng the heating, each’of the parts is electnfaed at each end, just as the whole was, showing 
apparently that the crystal possesses electnc polanty analogous to the jjolanty which a magnet 
aas If the heatmg be discontmued, the polarity is lost for a moment, but os soon as coolmg 
Begins it IB restored , now, however, the end which was positive before is negative, and that 
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which wia negative before is positive Topaz, boracitc, and some other nuncrals evliibit 
similar action under the mfluence of heating 

There are several other sources of eleptiicity, such as by the motion of magnets, which is 
treated of under ma/fnet\t; electricity, and by the application of heat to a junction of two (Ils- 
similar metals, (see TherMO electricity , Thermopde), but the only one which wo shall refer to 
now IS that by chemical action If a plate of copper and a plate of zinc be partially immersed 
in a vessel of non conducting matenal containing sulphuric acid and water, the ends of the 
copper and zinc plates which project fiom the liquid are found to be electrihed respectively, 
positively, and negatively , if then these ends are connected for an instant by a win*, a liow i,i 
electricity takes place, and the ends are discharged , but immediately the ends aro recharged, 
and a second application of the wire is necessary for discharging them This goes on again ami 
again , and if, instead of ajiplying the wire, and then removing it time after time, the wire be 
kept connecting the ends of the copper and zme plates, a steady flow of electricity takes phee 
through it During this time the sulphuiic acid is attacking the zinc and dissolving it away , 
and since, according to one of the theories on the subject, it is the solution of the zinc by 
which the electricity is produced, we arc accustomed to speak of the clcctneity as produced by 
chemical action Since also in all the cases which wc have mentioned before, such as elcc- 
ti icity produced by friction, the electricity was msulated and at rest , and since in this case the 
electrii ity is in motion, a constant charging and discharging going on, it is customary to speak 
of electricity at resj, and electricity m motion , or, using terms similar to those employed in 
the stnity of mechanics to speak of dcetrostatics and dtt It odynamici, under which heads, and 
that of Hfittery, (Sahanic, full information on the effects of electricity in these two states will lie 
found The reader should also consult Cm lent. Electric , Gulianum 

We shall now proceed to notice bnofly the phenomena of induction (see also the article under 
that head), and shall then conclude by refemng to the theories of electricity If an olectnfted 
body bo brought near to an unolcctnfied and insulated body, the latter becomes electrically 
excited Tims if we bring a charged metallic ball, insulated by bcmgsnspendeil from a silk string, 
near to another metal ball, or prcf< rably, foi the sake of explanation, to one end of a metal cylinder 
with heimsphencal ends, which is set upon a glass snjipoit, wo shall find the cylinder electrified 
in the following manner The end nearest the suspended ball possesses olectncity of the 
opposite kind to that of the hall, and the ovcitoment is greatest at the place nearest to which 
the ball is Tins gradually diminishes os wc ap}>ro.ich the middle zone of the cylinder where 
there IB no electniication, and from this, as we approach the other end, wc find elcitncaty of 
the same kind as that upon the ball, gradually increasing, and greatest at the point faithest 
fium tlie ball This ciAitcraent is saiil to bo duo to induction, and the electricity at the tuo 
ends of the cylinder is said to bo mdiried If the inducing ball be removed eqmhbruun is 
restored, andtlie stite of the cylinder is again perfectly neutral, but if, w'hilc the inducing 
ball IS near to the msulated cylinder, the latter be touched or dismsulatcd m any way, dec 
tncaty of the same kind as that of the ball flow s away to the earth , and if insulation l>e 
restored, and the ball then removed, the cylmdcr will bo left charged with electncity ojuiositc 
111 kind to tliat of the inducing ball, and exactly equal m amount to that which has flowed aw ay 
to tho earth The extent to which induction takes place depends upon the amount of dec’ 
tricity on tho inducing body upon the distance between the two bodies, and upon the nature nf 
the insulating medium across which the induction takes place In the experiment whirli we 
have described air was the medium interposed between the ball and the cylinder, or tin 
didectnc, as it is called, but had a plate of glass been interposed induction would still haic 
taken place, and the amount of electncity induced would have been greater (See Induction, 
and Capat ity. Specific Inductive ) 

To exjilain the phenomena of electricity, two thcones have been put forward , one, that of 
Du F IV and Symmers, known as the double fluid hypothesis, and the other, that of Franklin, 
commonly called the single fluid hypothesis 

The former supposes the existence of two fluids, the vitreous and the resinous, which hai e this 
property that each repels itself and attracts the other In a neutral body, these two fluids arc 
supposed to be present in ■ qual quantities, and to be combmed together Fnction has the 
effect of separating them and giving one fluid to the rubbing body, and the other to that 
rubbed When a body, possessing electricity of one sort, is broughtnoarto an insulated condui-- 
tor, the neutral fluid upon it is, as it were decomposed The kind of electncity opposite tn 
that in the inducing body, is attracted towards that body, while the opposite kind is repelled as 
far as possible from it The air, being a non-conductor, hinders the mectncity from passing off 
the surface of an electrified conductor The attraction of a neutral body is thus explaincil 
The neutral fluid is decomposed, as it is frequently said, by induction , the opposite kind of 
electncity being drawn to the side near^t to the electrified body, and an equal amount of the 
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like kind being driven ofl to tlio opiiositc Bide But (see EleciroHaiiis), the attraction due to 
the former 13 greater than the repuUion due to the latter, owing to the greater proMimty of the 
former to the electrified body, and hence attraction on the whole prci aih 

According to Erankhn’e single fluid hypothesis, dll bodies arc fpmished with an dcctrio 
fluid w Inch possesses the properties of attracting matter, but of icpclln/g other portions of itself 
A body containing a certain quantity of this flmd, which coitespunds to the quantity of nutter 
in it, IS SJ’d to be saturated, and is neutral that is, it possesses neither attraction iioi icpulsioii 
for other neutral bodies 'J^his is the ordinary condition of matter But by friction, and by 
other means, an excess of the electric flmd maybe cominunicated to a given body, oi the 
quantity which it has in the neutral state, may lie duiunished In the first case, it is s ml to 
be charged positively, and m the second negatively This is the origin of the terms positive 
and n< gative In either of these states it is electrically cxeitcd, and exhibits the plicnuineiia 
of attriiction and repulsion 

q’he advantage of these theones is, that they give ns definite language, and, to a cei lam 
extent, serve' to cxpLiin, or rather to illustrate electne phenomena , and both have done i,ood 
SCI vice 111 fixing the ideas, and in assisting arrangement, but the conception of such Hinds is 
difheult, and though one of these theories may be more possible than the other, neithei can be 
said to be in any degree proved The explanation of the iihenoipeiia of iiuhictum given above, 
IS ctitaiiily untrue, or at least ineomplete Eor the theory of ]<'aradiy, consult Induttiun 

ELlvCTEIClTY, AJ^IMAL Ualv.mi ascribed the euiTcnt obseived liy him, in tlie ease of 
a recently killed frog, under eeitain conditions, to animal electiieity Voltii de'mtel altogt thcr 
tills cxjilanation {SiA. Galvanism ) Smee that tiim animal i leetnuty has been the subject 
of nnien discussion , and numerons investigations have been made with reg ird to it 

EoLili showed, by means of the galvanometer, the existence of .a eiiirent m the fiog from the 
fiet 1 1 the head Talcing two vessels containmg salt and v\ iter, he caused the ciuvil mnseles 
of thefio'Xto (Up into one, and the lumbar neives to dip into the other , then on putting into each 
(if the vesst'ls a wire eoiiung from a very sensitive galv vnoineter, he obtained a eiiiient lu the 
lb I tion UK utioncd Xobili calls this the coinant pioj/ic of the fiog 
Mutteucei expenmonting on the same subject formed a jiile of the thighs of frogs by putting 
the iiiteiiop of the muscle of each thigh in eontaet with the exterior of the muscle of the 
sueceiJiug one He showed a cun cut proceeding ftom the luteiior to tho extenor of the 

iiniscli 

Dnbow Bemondhas shown the* existeneo of musctilir cmTcnts m the human body 
MdvOTEICITY, APPLICATION OF The ippheativiis of elcetneity have become 
extninely numerous and are daily becoming more and more so 'ihnmghont this volume will 
b( found, as far as oui limits will allow, indications of the vanons use's to which it li is been put, 
both 111 tue w y of aids to tho arts, and as an auxiliary to oiii daily life Ifeic we in ly inen- 
lioii its application to electro metallurgy in vanons forms, ami to illumination, also in the elec- 
tiie clock, and electro-magnctie machine, and for purposes of self registration, in observatories 
and elsewhere Telegraphy is one of its most imjioit int uses, and lately its physiological etfects 
Lave been taken idvaiitagc of in a systematic ami seieiitilic way by the physieiiui To the 
chemist also its agency is invaluable 
ELECTIlICITY, ATMOSPHERIC See Atmoiphmc Klectrinly 

ELECTRICITY, CORRELATION OF It is e ^plained (si e Tt antmtiUilion of Zjici yy) that 
physical force can no more be destroyed than matter , hut, on the othei liaiid, that aJl tho 
forei s are convertible one into the other And not only is this true, hut the ilisapjiearance of 
a certam amount of one kind of energy always gives rise to the appearance of a yu fully de- 
finite amount of energy in another form Dr Joule and Sir William Thomson investigated the 
ipiestion lu the case of electricity 

It 18 well known (see Current, IJeatmy Effects of) that when an electric current jiasses Ihrongh 
a fine Wire an amount of heat is generated which depends upon the strength of the current , and 
also that when a wire is wrapped round a cylinder of soft iron a definite amount of magnetic 
force is developed which depends upon the strength of the current (See Elcclro-maynet ) 
Joule and Thomson showed that the quantity of electricity which, when converted into heat, 
woula raise the temperature of one pound of water through i“ F, would, if converted mto 
mechanical effect, raise one pound of matter through JJZ feet 
Again, water is decomposed by the electric current mto oxygen and hydrogen (see Electrolysis), 
Md these gases, on being mixed and exploded, produce heat (See Heat of Combination ) 
The same quantity of dectncity which would, if turned into heat, raise one pound of water 
through 1 ° of temperature, would, if apphed to work against the chemical forces which hold 
vngether oxygen and hydrogen, separate a quantity of these elements sjch that, if exploded, it 
*fould produce precisely the same amount of heat 
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Thomson also determined the mechanical value of certain distributions of electricity and 
magnetism, but for these matlumatical mvtstigitions wc must lefer the reider to his pipers 
published m the Transactions of the Jloyal Society , also, for further particulars, to the pajK rs 
of Joule, Transactions of the R S from 1^40, iinl to Grove’s ConclnVim of the Phyvrnl Pnun 
ELECTRICITY, PHVsTGLCGTCAL EFFECTS OF The passage of the chetne dis 


charge through the animal liody produces picculiar ph3'Siological effects On touching a clnr'isl 
Leyden jar, and permitting its eh t'lcity to pass tlirough the body, a sensation is expcriciiiLd 
which it is not easy to describe Vpparciitly, the muscles swell up violently and suddcnlj, and 
the sensation felt might, perhaps, be described as that of a blow throughout all the parts 
of the body, but lasting only foi a moment AVlien the discharge is only weak, the hands and 
wrists eipenencc the , but with more powerful discharges it extends as far as the shouhki s 
and even throughout the chest Such discharges are, however, dangerous The disc liarge imy 
be passed through a 1 irgo imiiiber of perhons at the same time By forming a circuit, 111 whic h 
each jKrson is m cont.iet with liis neighlKun on each side, a shock is felt by all when the fust 
and last touch one the inside and the other the outside coating of the jar 


The shock may easily be so powerful as to destroy life No great quantity of electricity n 
letjuiitsl to kill animals, such as mire, rats, or small dogs 

'I’hc physiological elleets of euiTCiit electricity are also peculiar With a battery of 30 or 40 
cells a poweifiil shock is felt when the ciicuit is opeiic il or closed by the hanels 


Will n the terminals of the battery are apphed one above and the other below the tongue a 
peculiar sensation Q» taste is felt, winch has been called the electrte taste With a strong 
battery it is more of the nature of a stinging sensation than of a taste , but the impression pm 
dueed liy a single cell is decidedly that of a taste The electric taste is an excessividy dchcite 
test of an electric current Signals m ly bo tasted which even a delicate galvanometer will fail 


to detect 


If two metallic slips be placed between the gums and the cheeks, one on each side, and om 
of them kejit connected with one polo of a battiiy wdiilo the other is joined to the othci pule at 
intervals, at each junction a flash of light is aeon before the o>cs 

If the olectrodca of a strong battery, 30 or 40 cells, bo inserted into the oars, a noise is heard 
continuously 

ELEG 1 llICITY, TIIh’ORll'lS GF Leaving out of account the more ancient conjectmes 
on the subject, two piineipaL hypotheses have been put foiward, in order to explain known clue 
trical phenomena , and tlmugli peihaps n< ither represents tho true state of the case, they aie, 
nevertheless, of high jiraetical value in enabling ns to fix our ideas, and in siipplj ing us witli 
dehiiitu thoughts and Ij^guage 'J'liey arc gener vlly kntn.n as “ the double fluid hypotliems of 
IJiit.iy and Hyirimers,” and “ the single fluid lij'polhesis of Fianklm ” 

The first supposes all matter to be peivaded liy two imponderable fluids, one of winch is 
called the itltious fluid (till 11111, glass), aud the other the lesinvus fluid , and to each of tin so 
are aseiihcd the jnopeitics of attracting the otlui, and of lepellmg other portions of itself 
When ill every portion of a body tho two are assoc latcd m equal quantities, the body is n' ufi d, 
that IS to say, is not clccliif ally excited , but when either preponderates the body is cxtit''il, 
and is s iid to be electrified vili coii'rlif (like gl iss rubbed with Silk), or 1 csinowdy (like wax ruhln d 
with fur), according as it possesses a supci abundance of the vitreous or of the resinous fluid 
(See article on hUctuuty) It follows from whit we have said that if a body c/tarycci vitre- 
oiisly be brought into the neighbouihood of a liody charged resmously, attioction takes pi icc , 
whereas, if a vitieously or resmously excited body be brought near a second similarly cluctiifit d, 
repulsion is manifested between them The attraction of a neutral body by an electrified body 
was explained by supposing the intimately mixed fluids on the former to be scjiarated under 
the influence of the latter , the unlike fluid to be attracted to the near side, and tho sinuKr 
fluid to be repelled to the opposite side of the mass The unhke fluid being thus nearer th m 
the like fluid tho attraction exerted by the former on the charged body on the whole prevails 
ovei the 1 opulsion exerted by the lattci according to the* well-known quantitative laws depend 
iiig upon distance (See Mcctrostatica ) 

The other hypothesis, namely, the single fluid hypothesis, supposed only one fluid to which 
Franklin attributed the pi-iperties of attiacting matter, and of repelling other portions of itself 
He w*as also obliged to consider that two portions of matter unsaturated with this fluid exerei-ecl 
repulsion on each other He called a hociy nential when the matter that it contained posses'ied 
exactly enough of the fluid to saturate it, and in this case it possesses neither attraction nor 
repulsion on other neutial matter. A body which possessed an excess of the fluid, he said, 
was poutivdy dectrtfieil, and a body which possessed a quantity of the fluid less than it would 
have in the neutral condiuion, he spoke of as being neyatixely dettrified 
ELECTRICITY, VELOCITY OF The problem of detenmmng the velocity of electii* 
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city lift** undertaken by several naturalists with great care, and with results winch we shall 
briefly detail la this article It was farst attempted by Wheatstone in 1834 with an instiument 
invented by him for the purpose, and known under the name of the Chronosinpe Tins consists 
of a mirror rotating with enormous velocity, which vclooity he measured by means of the music il 
note pi educed in another part of the apparatus hy the same motion ta front of the iniiror a 
gpiuh boaid was placed, which was a circular block of wood in which were set m a rov/ six wires 
c.iriyirig small knobs, and round these and over the face of the wood was a thick co iting of 
some resinous insulating compound The outer coating of a Leyden jar was conncc-tcd with the 
first of the knobs , between the second and third a tpiarter of a mile of copjicrwirc was inserted, 
ind also a quarter of a mile betvveen the fouith .ind fifth When an exiienment w'as to be 
niaile the sixth knob w is connected with the inside coating of the jar The discharge then 
took I'l vee m the following avay a spark passed from No 6 to No 5 , the electricity had then 
to traveise a quarter of a mile of copper wire to reach No 4 , a spark occurred between No 4 
ind Iso 3 , then came the second coil of wire , and, lastly, the spaik passed from No 2 to No i 
Ivow, if the thiee sparks all oeeuried at the same instant, the reflection of them in the mirror 
would all be seen side by side in a row , but if one of them occurred later than another, the 
iniiror would have turned onward thiougli a small angle, and the image of the sparks would ex- 
hibit tills letardation Tlic latter was found to be the case, and fiom me isurements made m this 
\ny Wheatstone estimated the vcloiity of electricity at 288,000 miles pci second, a rate at 
vvlueli it would travel twelve times round the earth in one seeoiiil 


Subsequent investigation showed, however, tliat it is impossible to expr^iss the velocity of 
eleLtncitv'' absolutely, and that it depi nds very much upon the eiieuinstanees under which the 


signal is tiansmittcd The following tabic of icsults shows this 

W’'eatstore, 1834, ..... 
i'ucavi and Goiicllo . . . . 

M 3J • • • • 

Mitchell (Cincinnati) . . . . 

Walkti ^.linciica), .... 

(joidd, 

A' ‘jionomers of Greenwich and Edinburgh, 

J^st^oTlomors of Greenwich and Brussels, 

All i"tic C iblc, 1857 , 2,500 miles with heavy needle' gal- 
vanometer and induction coils 
At’ antic ( 'ahL, 1858, 3000 miles , Thomson's minor gal- 
v iiiornetcr, and ilaiiiell's battery, 


Natiiro 

Velocity in ISIilea 

of Wire 

ptr Slcoih] 

Uojipcr 

288,000 

111.834 

Copper 

Iron 

62,130 

Iron 

28,331 

lion 

18,039 

Iron 

15.830 

Copper 

7, Goo 

Coppei 

2,700 

Copper 

1.430 

• 

Copper 

3,000 


'I'lu oxpliiiauipu of the meaning of these iliscrepant results was begun by Faraday, and was 
ciinipleteil by tsir William Thomson, who g.ivc, (in jiapers communicated to the lloyal Society, 
1S54 to 1S5O, and published afterwards in the Phdo-<o)iluial MayazniC), a eoniplete investigation 
of tliel iws of eiectrie retardation Far iday show cd that if an ilectrie riblc, (onsistmg of a wire 
01 wires ciiveied with gutta pereha, be subiiieigud, it acts pictiscly as an cnoniioiis Leyden j ir 
would undir tho circumstauccs 'I'ho wnc forms the iiitcnoi coating, the gutti pen ha the 
insulating medium, while the water, in wlnoh it is inimctscd, takes the place of the extenor 
e ilnig lie proved that, under those eireumstances, .i eeitaiii time is iieiessaiy to eliarge the 
c iblu , and that, after communication has been tut off from the battery, a cert iin time is also 
required, on jiuttmg it into eommunication witli the ground, to diseliaige it , but if, iiistcnl of 
snbuieiged wires, he made use of wires ficcly suspended m tho air, these iihcnomcna were 
scarcely at all exhibited, what retardation thcie w.vs being possibly, to some u\t< iit, dependent 
on electrostatic induction towards neighliouimg objects Wheatstone also made bonn experi- 
jnciits, which proved tliat a cable, consisting of a copper wire covered with giitt leieha, and 
Ictiiiig a sheathing of wire outside, even though not immersed, gave jireeiscly tin same lesults 
aiising fiom induction, as Faraday had observed the wiie covering acts in this ease as the 
outei eoatmg idir Wilhain Thomson thus states his tlieory (see the jiapers just referred to, 
'Unl ai article by him on the subject in Nichol’s Cycloiiaiihn, Sceonil J'abtion ) 'I ho trans- 
uuabion of an electric signal depends on three properties of electricity (i ) Cliarge and 
electrical accumulation in a conductor subjected in any way to the prot ess of electrification 
‘ 2 ) Electro magnetic induction, or electro motive force, excited m a conductor by variations 
electnc currents, either in adjacent conductors or in different jiarts of its own length (3 ) 
■iscsistancc to conduction through a solid He draws the analogy between tho transmission of 
•* signal, and the sending of water through a canal or tube, which depends on — (i ) Accumulation 
0 a greater or less amount of water in any part of the canal or tube , (2 ) Inertia of tho 
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water , and (3 ) Viscosity or fluid friction , and he shows that, supposing tho tube to t 
filled with porous or spongy matter, in order to make tho law of resistance to the motion of tlic 
fluid tho same as the law of clectnc resistance, the two problems present the same elements fot 
mathematical ealculation , and tho same cquafaons express the law of motion m both cases He 
proves, also, that the retardation due to electro magnetic induction is insensible, and that on 
the first and third properties depends the whole of it According to this theory, the diftcrencs 
between the rate of transmission of signals, in a short line insulated in the air, and in a lon^ 
submarine cable, depends upon the way in which the electrical impulses traverse the wire In 
the former case the electrostatic capacity is extremely small, and the -wire is at once filled auj 
at once discharged , in the latter the discharge takes a considerable time for its oomph-tmn 
There is a “long gradual swell, and still more gradual subsidence of the electiic current” at any 
distant part of the conductoi and the length of tune that el ipscs between the moment of thu 
initial impulse and the attainment of maximum stiength, or of any proportion of the luaxiimini 
strcngtli, IS propoi tioiial to the squai e of the length of the line “ The beginning of the cun cut 
IS instantaneous all along the line, and is practically obtcrvablc after a smaller and smaller lutu i al 
the more sensitue the instrument employed to detect it ” This last observation is seen to In, 
verified on referring to the velocities, calculated from obsei vatious, with the heavy nceillu 
galvanometer, and with Thomson’s mirror galvanometer. 

ELECTKIC IMAfiES See Inuujct, Electric 

ELEtlTllIC LAMP See Lnmp, Electric 

ELECTKIC LIGHT The luminous effect of the electnc current forms one of tho most 
striking phenomena connected with it When tho teimmals of a very powerful batteiy ait 
jomed, aud then very slightly separated, the clectnc current can be made to pass through the 
air, givmg rise to the most intense light and heat In order to exhibit it the wires eoniiiv' 
from the battery are connected with a mechanical arrangement, by means of which two carton 
points can be made to touch, and then separated to any requued distance from each other If 
the wires themselves weie made use of the intense heat at the point where the separation take' 
place would at once melt and destroy them The carbon points are best made from the hard 
gas carbon, a substance which is found deposited in the heads of the gas retorts It is lut into 
pencils or else powdered, and then compressed m a mould into the required shape We thin 
obtain temunals of veiy high conducting pew ei, aud which remain infusible even undei th t 
mtense heat The points of these bemg brought together the current is set up , they me tlieii 
withdrawn as far as possible, in tho cast of a battery of 50 cells the distance may be a tcntli of 
an inch or more, and immediately the most dozrlmg pure white light appears, so brilliant indccil 
that it 18 almost impossible to look at it safely with the naked eye On examining the chaicoal 
points with the md of ^loloured glasses, or by projecting an image of them on a screen by iiu.'uis 
of a lens, it is found that the greater part of the light proceeds from the tips of the earl mu, 
whicli are heated to intense whiteness Part of it also comes from a flame which is Been be 
tween and around them, and which consists of small particles of carbon in motion fiom one to 
the other, and in a state of incandescence The positive pole is the most intensely heated fm 
on stoppmg the current it will be found to remain red hot for some time after this uthei lavs 
ceased to be so The hght is not produced by the combustion of the carbon, or at least oiilj to 
a small extent, but from the bnngmg of the solid particles into a state of intense white heat 
This IS shown by the fact that the light burns um^ water or oil, or any non-conducting fliiul, 
though with dumuished brightness, and that m vacuo it is obtained with its bnUianey itiy 
much increased 

l)unng the passage of the electnc current the particles of the carbon are carried from the 
positive poles They are partly burned on the way, and partly reach the negative pole lloth 
the poles waste away, but tho positive pole at double the rate of the negativ e pole Ihe 
positive pole also has a hollowed out appearance, owing to the carrying off of its particles, while 
the negative pole, which is receiving particles ^m it, has a pomted form It is the pass.i^e 
tlirough the oir of these particles which gives nse to the appearance of the arch of flame be- 
tween the two poles. 

The arch of flame IS called the Voltaic arc It is the most mtense artificial beat thatws 
possess In It platinum wire and e\ cii such a refractory body as clay, the stem of a tubacco 
pipe, for example, may be melted as sealing-wax m the flame of a caudle The fusion of niet.di 
like platinum, indium, &c , is performed by placing them in a small cup or crucible formed of 
gas carbon, which is substituted for tho point attached to the poative pole. The other pomt h 
then brought down upon the metal, and, with the assistance of twenty or thirty cells of a battery 
the fusion readily takes place 

The wastmg away of I 9 ie poles soon causes the distance between the points to become so 
great that the current will no longer pass I'be pomts must then be pu^ed forward to touch 
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again, and again withdrawn Automatic arrangements are made for adjusting the pomts aa 
recpiired, so that the distance between them may be mvariable, Th<;se arc dcsciibed under 
Lamp, Electric 

ELECTKIC light, PHOTOMETRIC ^ ALUEf OF Professor W B Rogers (Sdh. 
mna’s Jownal, vol xxxvi , p 307) has given the results of some experiments which he trud on 
this subject The battery was very power* 1 , consisting of 250 carbon elements, each haiiiig 
an active zir e surface of 85 square inches They were grouped in five batalhoiis of 50 ( wh, 
and the light was produced m an apartment where a range of about 50 feet could bo obtained 
foi the photometric apparatus Instead of an ordinary standard light, cquii alcnt to 20 candh s, 
a unit was substituted ten times as great, equal therefore to 200 candles By a sci les of ("cjk 11- 
inents, mth the naked electric light unaided by a reflector, it was found that its intensity Wiis 
from to 6 1 times as great as the standard hght, making it equal in illuiniiiating poncr 
to fiorn 10,000 to 12,000 standard sperm candles When the rajs wtio conccntiatetl by a p u v- 
bohe reflector, the illuminating force had a value equal to sovcral imlhons of candles, .ill jioiir- 
ing forth their light at the same tunc The only previous measurement of the lUiimin.iting 
power of the electric light which we can remember is one given by Bunsen 'IJiis was t ikcii 
lutli a less powerful battery (48 cells), and the photometric equivalent was estimated at 572 
candles, giving a proportion of 12 candles to the cell, whilst Piofcssor Rogers' estimate giv es 
the latio of 40 candles to the cell (See Photometi 1/ ) 

TvLEUTRIC LIGHT. SPECTRUM OF THE The spectrum of the electric light is of a 
highly complex character The intense heat of the arc dissip itcs into vapoui* aluirst cvciy suli- 
st nice cont.uned m the terminals, and as the caiboii points arc ahvaj's cont.iniui.ited with 
small pn.tions of iron, together with earthy and alkahm compounds, the spectri of those boihes 
an gi ticially visible Besides these the lines due to ovygcu, nitrogen, and soniotimcs aqueous 
i ilHJUi uid carbonic acid, are visible The electric light is extremely rich m the actinic or 
vltii violet rats (See alctiMim , Spectrum) 

h I.EOTRIC MACHINES The principal forms of clectnc machine now in use arc the 
'fci Maihine and the Plate Machine 

'I ha Oylind: r Electric Machine w constructed m the following way A glass cylinder is 
sujiporttd by means of a hon/ontal axis on two wooden iqirights, and is turned by a handle 
Utvhof' to one extremity of the axis Paiallcl to the glass cylinder are two of brass, one on 
t icli snlc of it equally long with it, but of smaller ihaiueter , and these are supported on glass 
pill ra tiKed into a wooden table or board, which also cairies tho wooden uprights To one of 
tht bia' s cylinders is attached a cushion as long as tho cylinder itself , it is made of hoi sc hair, 
and covered with leatlier , and, by means of a spring or a scievv, it is key); pressing against the 
glass 'ylmder A long flap of silk is attached to tho lower edge of tho ciisliion , and, when the 
laacliine is it woik, it pasecs between the cushion and the glass cylinder, and lies ovti tho 
lattci, covering the whole upper half of it The poitiuii of the silk winch covers the cusluon 
IS spread with electiic amalgam (See Amalgam, Llcctiic ) The other brass cylmder, which is 
c.allcd the prime conductor of the machine, is furnished with a horizontal row of pointed w ires, 
like a comb, with intervals of half an inch between its teeth, which project towards the gloss 
cylindci, approaching as nearly as possible without touching it 

IV hen the glass cyhnder is turned it becomes positively, and the cusluon negatively, eloctn- 
fied by fnction The positively electnfied glass is carried round till it comes opposite to the 
points belonging to the prime conductor The pinme conductor b( comes excited by induction, 
and in fact, is electrified negatively on the side nearest to the glass, .md positively on the side 
opposite to the glass But the points have no power to hold a charge (See Powei of Points, 
Alectric Distribution, under Electricity), and they discharge towards the glass cylinder, permitting 
negative clectncity to flow from themselves towards it, and thus they neutralise the positive 
electricity on it , and, as will readily be seen, leave the piime conductor cli.arged with positive 
Electricity A spark of positive electricity can now be obtained from the jinmo conductor 

ut, during thio tune, the cushion has, as we have mentioned, been chaigmg with negative 
Electricity, and when it has attained a certain degree of electrification, it is necessary to dis- 
t large It before any more positive electricity can be obtained from the piime conductor This 
Eouid b.. done by touching it, and sparks of positive and negative electiicity could thus be 
? Ornately produced , but, mstead of domg this, it is usual to connect the cushion permanently 
y means of a chain or wire to the earth, and then, on turning the machine, a continuous dis- 
pjositivo electricity can be got from the prime conductor 
cla Electric Machine is the same in principle os the cyhnder machine, but instead of a 

BBS cyhnder, a circular glass disc or plate, \ inch or more m thicxness, and from 3 Vo 5 feet in 
®^ieter, is used There are several modificationB of the plate machine That of Ramsden is, 
y naps, the most common, and in almost every respect corresponds to tho cylinder machine. 
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That dosignccl by Winter of Vienna is the most novel, and by f.ir the most po'werful 
shall next describe it 

In the middle of the s^lass plate is inserted a wooden piece which forms a socket for a strnn r 
glass rod, the axle on which the jilate turns At oi>iM>sito estrcmities of a diameter of the jil 
are a brass cylinder Which rarnes the rubbers, and a large brissball This bill, the jiiihil 
conductor of the* machine, has four holes opoiimg into its centre, the edges of which arc trumpi.t- 
shajied to prevent the dissipation tif electricity The glass pillar which supports it hts into out 
of them, and into another which is on the side near to the edge of the plate fits a hiass stem 
This last caniLS two mahogany rings, one on each side of the glass plate, with their plum 
parallel to the plane of the pi ite , and the electricity is collected by means of a row of points 
fatted into grooves on the sides of the lings next theplite The giooves are covered insult 
with tinfoil, which makes pel feet coimnuiiic ition with the brass ball, and tbc points ilo unt 
project beyond the edges of the grooves The third opening in the brass ball is also hori/nnUl 
and into It may be inserted a stem with a brass ball for sparks The top opening is to can^ v 
large iing which can be remoied at pleasure 'J’o form the ring a stout iron wire is hoiit into 
the sliajic of a ring with a stalk attached This is carefully coveied with polished inahoganv, and 
by me Ills of a brass wire coming through it, connection is made between the irOil ulig and the 
brass b.ill in which it stands 'I’hc nng' is one of the peculiarities of Wmtei’s machiiiL Its 
olijitt IS to give a large surface for collecting eleetiieity which shall have as little tciiilciui m 
posBihle to throw off elcctiioity (Sip J)isHipation ) Tho effects ubtamable from a Wmtu > 
machine are ivonderfiil (Hco .ilso Ditc/iatrje ) 

Armxtrrinrj’t Hydto- Electric Miuliuie is a machine for obtaining electncitv by the fnifimi 
of moist steam The attention of Sir W Armstrong (then Air Armstrong) was c I'ded 
to this moilc of obtaining elictiacitj by a woikman who accidentally received a sUotk 
whilst testing a steam boiler hli Annstrong designed the electric machine, and the con 
ditions foi producing electricity by fiutioii of steam witc .iftci wards coinpletcdy iniistigitcd 
by Mr Eaiaday The machine consists of a boih r similar to that of a locomotive insulated on 
four gl iss legs To the escape pipe is attached i low of nozzles, constructed so as to give as 
much friction as jiossihle to tin sti iin wlmli iiisltes out through them Round the nozzles, 
betwf eii tlicir extrcmitits, and the part it winch tlu'y join the escape pipe, is a bo\ of cold w atti, 
m order that the stexm, after passing thiough it, m ly issue from the nozzles cliargeil mtli 
vesicles of witcr (This w.w found by bar ul ly to be a necessary condition for the production 
of electricity ) The steam blow s ig unst a row of points attached to a large metal h ill (w liu h 
18 the piiine coiifliictor of tlic machine), lusiil itcd on a sopaiate pillar fiom the boilei AVIuii 
the steam blow s off it becomes chirgcdwith jiositive electricity, the boilei with mgitivcclcc 
tneitj The electricity of the Kte iiu is giviii u]> to tho points and prime conductor 

There aic many other forms of electric machine, besides those iliscnbed above', foi infoni'i 
tioii with regard to which we must refer our rt Klers to detailed wenks on ekitruity Litclv 
Iliac him s, dc pending foi their ictioii upon st,iliCcd miluctioii, have been brought into use, ami 
among those in ly be menticmoil those of M Holtz, Air Vailcy, and Sir William Thomson A 
deBeTi]ition of the first will be found in .1 uuin, Cnni s de Phi/mjue, vol ill , and of tin 1 ist ii 
tho P/idd'-oiihirid Mai/azt tie, lh68 Air Valley’s lUciehmc is used m connection with his iin 
provemciits m telegrajihy, and will be found dosenbed with the speeilication of his piteiit 
ELKdTRTd ATAflHlNE, INDTTCTION Hoo hiduition, Cml 
KlJ'lC'rivIC RMSISTANt'E Sec* lifnitaiKt, Klectni, tiiul Conduction, Electric 
ELEGTRICJS {ifKcKTpov, amber ) 'I'he earliest experimenters in eloctncitj found tb it 
while they could excite electrically a certiiii eliss of bodies, such as amber, sealing Weax, 
glass, by friction, there were others which were inc-ijiable of electric excitement , and the ttforti 
of the fust students of eleetiie science were dircMited to the division of all bodies into two 
classes, those which could, and tbosc which could not, be excited by friction The former thev 
calli cl electrics, from the Greek name for amber, the chief of the exciteable bodies, and the 1 itUr 
class they called non-electrics , names which, it is said, were apphccl by Gilbert of Golcliestcr 
m A D i6cxj It was shown, however, by M Du I'^ay, that etectries and non electnes arc 
identical with non-eondurtora and conductors respectively , that the reason why a brass rod n 
paieiitly unexciteable and a non-electnc, is that the brabs has tho power of permitting the 
eiectneity as fast as it is produced to pass away along its surface to any other body, as, for 
ample, the hand of the expennienter , and that if proper precautions be taken, such as holding the 
brass rod by means of a glass handle, or supporting it by a silk string, it may be excited hj 
friction, just as easily as a rod of glass Erom that time the distinction between electnes am 
non-eleetnes hedd no longer in tho original form The terms are ‘still, however, made use o 
frei\uentlj (See also Electricity ) 

EIjECTRIC SPARK See Sjparl, Electric, and Discharge, EUctrie, 
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ELECTIIIC SPARK, PHOTOMETRIC VALUE OF The visibility of llie electric 
spark w cnomioTisly greater than that of a jiennaneut light jiroduced a b.ittciy of tlu naiiiu 
power M Fehx Lucas concludes, from theoretical consulerationK, that the distant u at which 
till electric spatk is visible ih greater than that of a permanent light, j;he apparent intensity of 
which 11 oiild be 250,000 times that of the spark The light actnallyemployed to ilhiininatc 
modem lighthouses gives a brilliant y ctjuil to I25 C'aictl lamps An electric spaik, possessing 
the ilhuiiiuatmg power of the 20Oth part only of a CaiccI burner, la superior as to its power of 
projecting light Hence we can conceive the immense effect of a waniing light, compost tl of 
iiittmiittent flashes of the electnc spark, proctetling from a strong Leyden battoiy M Lucas 
slates that in an experiment matlo in a laboratuiy two ai)paratiis were einploytrl, out voltaic 
battery being equal to 1 25 Cared lamps, and another spaik-battery equnalcnt to tndy the 
I 2000th part of a Carccl lamp The photometer (such as is employed m the lighthouse 
adiminstration) showed a marked superiority m favour of the spark (See Pho/onutu/ ) 

ELLCTRIC SPARK, SPECTRUM OF When the electric sjiaik taken between metallic 
teraunals is examined in the spectroscoiie, there are seen, besides the lines tine to the nr, a serits 
of bright liandB and lines which are peculiar to the metal of wlmh the i>oles consist These 
lines have recently been thoroughly cx.iiiiined by Mi Huggins (See his jiaptr on tfi( Sped) it 
of wme 0/ the Chemicil Elemeiita P/nl Ttanx 1S64, p.ii-t 11 , page 139) For firther jiiir- 
tioulars, with majia of the spectra given by the eliemical elements, the reaile'r is n ftrrcd to the 
aboi e paper (See Spectrum ) 

ELECTRIC TELEGRAPH Sec Telei/taph , Cable, Siibmni'ine , Atlmi{ic Tilcpaph 

EJjECTRO-CHEMISTRY treats of the chemical changes which take place under the 
influence of electricity It is generally divided into several pai-ts , and in this volume these are 
de-’ll with separately Thus, under the term A/ct in*/ i/s/h is discussed the dcconq>()sition, or 
sepal ition into its constituent p<irts, of a conqMmntlbody by the passage of the electric t urn nt , 
anil under Ehuro metallurgy, and its two branches AUdio pZttbaty and Elect) 0 typini/, the ipphco- 
iio'i of elci trolysis to the arts Tlio chemiCAl actions which go on within tht' bittlo // are 
tiihsulered under that head, but thcic aic one or two points of importance which may bo put 
fill . ird here* 

One of the most ordinary oases in which olcctruity bungs about a chemical change, is that in 
whiih oxygen and hydrogen, or other gases, mixed together are made to combine by the eltt- 
trit spu-k 'ITiis IS generally effectetl in a eudioinetci , which is a strong glass tube, closed at 
one iii'l, and ijiually graduateil A pair of platinum wires lire pissed through ofijiositu sides of 
the „rl being fused into it, and their points, iiiMtlc the tube, are bi ought to within a tenth or 
.V tf iit’cth of an inch of each other The mixture of the gases to be examined is introduced 
into thij> tube ever uiercuiy, care being taken not to fill it cuiiqiletcly , ■^column of an mch or 
nitiic of mercury is left within it When the spark is to be passed, the open end of the tube 
ii diprcfa.ed considerably below the level of the mcicury, ovei which the tube standii, anti thus 
when the explosion, which accompames the posbage of the spark, takes place, the gas within 
the tube IS not driven out by it 

In tins way a mixture of oxygen and hyilrogtn, in the proportion of one volume of the former 
to two of the latter, are made to combine logctlici anti foim water After the explosion (which 
occurs with great violence,) has taken place, the steam, at first produced, condenses, and the 
mercury rushes up and completely fills the tube, if the mixture be 111 the proportion mentioned 
above If it be not, the explosion still takes phicts unless tin re be a very large excess of eithei 
tS'ix , the combination is, however, in the proportion ot one volume of oxygen to two of hydro- 
gen, and the remainder of whichever gas is m excess in left Rut if there be a very large ex- 
cess of one gas, — twenty tunes too much hytliogen, or thirty times too much oxygi n, the explo- 
sion docs not take place Iii this case, howevci, on passing a scries of electric sjiarks between 
the points, the formation of as much water as corresponds to the volume of that gas whose 
quantity is the smallest, can by degrees be brought about 

I be sparks may be passed from the electric machine, or from the clectrophoriis, or when a 
Continuous stream is required, the sjiark from an induction coil may be very con vciiiontly used * 

ITie yiowcr of the electno spark to bring about chemical combination appears, m this and 
similar cases, to be due to its heating effect In the c ise of a mixture of one volume of oxygon 
"Ud two volumes of hydrogen, the combination of the molecules in close jiroximity to the 
place at which the spark passes is determined first, and the heat of combination of these is 
‘^ufhtient to explode those near to them Thus the combustion spreads gradually, though, of 
ciurse, with immense rapidity, through the whole volume Rut if tliero be adtled to the mix- 
ure a very large excess eitllcr of oxygen, or hydiogen, or of some gas, such as nitrogen or carbonic 
^id gas, which has no great affinity for either, tbo cooling effect of this gas m ho groat, that 
he Combustion only goes on close to the spot where the spark jiasscs, and does not spread 
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throughout the mass The comhinatinn, m that case, is effected by means of a very large num 
her of sparks The same is the case with gases which do not combine energetically Thun 
nitrogen and oxygen, pijoduce very little heat by their combination, and a single spark dees 
not combine them , but if a senes of sparks be sent through the mixture, the oxides of nitrofrpu 
are formed, and by including in the tube water or solution of caustic potash, or soda, nitric 
acid, or nitrate of potassium or sodium, may be very easily obtained 

The combination of v.uious g.ijcous mixtures may be effected in either of these u.-n. 
We must content ourselves with mentioning one other important case It had been ol) 
served that, on turning the electric macbme, especially if there be points attached to 
the prime conductor, or if sparks are being rafiidly taken, a peculiar odour is prixhutd 
and the same is noticed in tlie oxygen which comes from the electrolytic dccompo'.ition of 
water Schonluin showed that thia arises fiom the effect of the electnc discharge on the oxMftn 
gas around it He called the bod}', which be supposed to be formed, and from which the odour 
arises, ozone , and investigated the circumstances of its profluction and destruction Lon" di^ 

< (ission as to the roni[}Osition of tins body followed tho pubbcation of Scboiibcm’s obscrv itious 
but it IS now generally admitted that ozone consists of oxygen condensed into a smaller bulk, 
and m all probability is formed by the combination of oxygen with itself (See Ozovr j 

Not only IS combination effected under the mlluence of the electnc spark, but vliat apjitirs 
strange, the spiik also produces too dt composition of a compound Thus ammonia gis is 
doubled 111 volume by the iicssagc of the electnc S2)ark, bomg split up into hydrogen iiid intni 
gen, m the proportion of three volumes of the former to one of the lattei Niti^c ovule undn 
the same treatment becomes nitric acid and oxygon , and nitrous oxide becomes nitrogen and 
oxygen Other gases can also be decoirjioscd The action of the sp vrk upon a liquid is shoan 
by causing the clcctnc discharge to take place thiough the liquul between two vci-y fine points 
placed at v short distance from each other Wollaston adojitcd the method of encloMiig .1. \iiv 
fine gold vv ire mac apillary tube, and heating the glass so as to fuse the wire on to tho end of it 
and comidetcly cover it Tho gl iss was then hlccl very gently away till the wire is just seen 
with tho aid of a lens to be imcovei cd ^V'l1en sparks are passed between two such points, tlnongh 
water, a continuous stream of gas is seen to rise from each of the points The decomposition 
which occurs hero is not at all the hanic as that which takes place when a current of elcctni ity 
IS sent thiough the liijuid In tho latter case oxygen rises from one plate and hydrogen fiom 
the other , ijut m the case of water dccoiuposed by the spark, hydiogcn and oxygen, mixed, 
come oil fiom each of the points 

From th(' exjx rniients of Giove, it appears that in all these cases the chemical action brought 
about by the sjiarlc, is^due to the v ciy intense he it develojied by it He showed similar coml uti i 
tion and ih c oinjiosition t ikmg jihu 0 undei the influence of incandescent platinum, he ited cithi r 
by the i>.i.ssa"0 of the electric current through it or in some other way We are unvlilc to di 
tail his expciiments here , but refer our readers to the papers of Grove, or to the treatise of 
He la Iiive, vol 11 

ELECTItODE (o5is, away) A tmn introduced by Faraday to design ite a surftiee at 
wliicli the electnc current cither enters 01 leaves a body under electrolytic decomposition lb 
calls thit the anode (d^a, upwards) at which the current enters, and that the kathode (xaru, 
downward) at which the cuiient leaves the electrolyte (See Anode, lilcctTolyun) 

ELEL'TllO H YNAhllCS force) Tinder this not very appropnate name is 

usually included that part of electrical scienee which deals with the attraction and rep il'nui 
manifested between currents and cuirents, and between currents and magnets In 
Q^rstc d discov ered that force is exerted by a current on a magnet in its neighbourhood Ainjn i ' 
also examined the nature of this force, and afterwaids showed a similar force cxistmg bctWLeii 
two currents 

Ampere’s fundamental law winch governs the mutual action of currents upon currents is 
that two cut") enta flowing m the same direction attract each other , two ewrmts flouing in 
dnectionn icpcl The phenomena of attraction and repulsion are generally shown by means of 
wires which are made inovevhle by tuimng about an axis, and the ends dijiping into concentric 
troughs of mercury, which are connected with the terminals of the battery In this way it 
may be shown that a wiie carrying a current moves bodily towards a parallel wire carrjing 
ouireiit 711 the same direction , and is bodily repelled from a parallel wire carrying a cunent m t 
ojiposite diiection Again, if two currents, one of which is moveable, are passing near to eac 
other, their directions making an angle between them, if they are flowing in the same direition, 
a force is exerted between them, which tends to dimmish the angle aiyi make them flow paialk , 
but if they are flowing m opposite directions the moveable wire is turned completely round, am 
finally sets so that the Nl|ires are parallcd, and the directions of the currents the same ^ 
follows also from the principles which have been stated, that if two currents are flowing 
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right angles to each other, aJid if one of them be niove<iLle parallel to itself and ])n,illil to the 
direction of the other current, the moveable current la c.ii ned backwards, wlie'u it flows towards 
the othfr, and forward when it flows aw'ay from it / 

Lastly, it IS a consequence of Am phre’a law thit each olrmentary pprtion of a rpctihiu ir 
ciiriiut lepela the elementary pint ons nearest to it Farael ly, to show tins eNpennientallj , su*-- 
ticnded fnim the beam of a very delicate balance a piece of copper wire bent into the shape of 
an luierted U The ends of the wire dipped to some depth into tall inercmy cups which wete 
conneeted with the tcrminaJs of the battery When the current passed, this wire rose in the 
Clips, and sank again on the cessation of the cunent, and the explanation given is th<at the current 
11 the puts of the mercury, and of the wire near to each uthci, being m the same iliicctioii 
repel each other 

j Ik ac law's are illustrated by apparatus consisting of moveable wires, such as w e have men 
tiniicJ above in various forms I'oi example, it is easy to show continuous lotation of one 
tuirent piothiccd by a current m a direction at nght angles to it, which is evidently a cou.se 
(puiite of what has been stated with regaid to such currents Let a current 2 'iss m a circle 
jibu nl lioii/ontally, or what is better, through several horizontal coils of iiisul ited L02>pei wire , 
and ht another current rising through a pillar placed at the centie of the circle pass into a 
iiipporwiie, turning on a pivot at the top of this 2Allar ind dividing there, flow m two oi>2iosih> 

I iilii to the Circumference, then turning vertically downward, come into a hon/ontd citcular 
tiiiugli of mercury into which the ends of the wiie dip, ami thciice return to tlio b ittciy , wo 
hliall thus have two ciiiTcnts coming vertically down, at right angles to that whii h is riuii- 
latiiig m the horizontal wire, and rotation of the veitic.al wires will take 2dacc in a direction 
iij>]M)slc to that in which the lionzontal current is flowing If the cm rent is midc to flow 
iqiw lids lu the vertical wires, the rotation will take 2daco in the same duectiuii as that iii w huh 
the liiiu/outal current is flowing 


JilKin k i/"cn Cmrcnta and Magncta GCrstcd’s fundamental 0X2)cnmeTit shows tli.it whin 
i III ijOu t IS 2d iced in the vicinity of a current, and able to move round an avis perpondirul n to 
its Inuth it sets itself at right angles to the dircciKin of the i uncut acioiding to a law wliub 
lu tlui-. lunciitc'd by Ainplre Let an ubscrvei be situated m the conducting wire, the tur- 
nnt intinng at his foot and passing out at liis head, and let him look on the north i>o1l, the 
ret itio’i will be such that the north pole will itliitnj-, turn to Ins left hand Thus let the wiie In 
sitiuti d il >' e> the needle, and lot the current flow from south to noith, the north pole of the' 
neidli will deviate towards the west If the wire is below the needle, the uoiih 2>ele will move 
tim (id-, the cast (See Ampeie's Jmiv ) 

Ju't s the moveable magnet is rotated by the livcil wire, so is a moveable wire acted on by 
I lived magnet To show this a icctangle of wire is made to turn aliout a veitual axis in its 
o.ili 2)1 nil, ind at nght angles to two of its sides Oii hringing a magnet iieai to it whdi a 
niritiit IS ija-.siiic, turough it, the wire sets itself at right angles to the length of the nugnet, 
mid in such a direction that the north 2Jolc of the magnet is to the left hand of an obseivel 
'ituate'd as dcsenbud above Eor exhibiting tbe actum of a magnet on a moveable i in lent a 
hi iiitifiil little a2i2'aratuB called lie la Hive's ./fonfiny y is aho employed it consists of 
a virj hm.ill cell ittached below the centre of a circular disc of cork , the tinniiials of it 2->ass 
tlimugh the cork, and are atLiched to a bmall vertical nng oi coil of iiibulatcd wiie cinicd on 
Hie toj) of the eoik When the battery is cliargcd a current 2>asses through the loi), and tho 
"hole a2ip u itus may bo floated on the surface of watci by means of the eoik <)u biuigiiig a 
"lagiiet luai to the coil and on a level with its ceutie tlie latter turns round and nits itself witli 


Its plane ])Lij)endieular to tbe length of the magnet, and turns that side to the cud of tin 
•‘iigntt which makes the ciiircnt in the nng parallel to Ampere’s hypothetical currents m tho 
jiugiict (See Amp&re'a Theoiy ) It then takes a bodily motion towards tlie injonit, 2>issts 
uie pole and moves along, making the axis of the magnet coincide with its own axis, till it 
aches the imdJle of the magnet and there stojis If it be 2>laeed at the middle of tin magiu t 
"ith its 2>laiii turned bo that the current in the coil is opjxisite m direction to th it of Aiiqicre’s 
■'pothetu >1 cuirents m the magnet, it then moves off at one end of the m.ignet , turns louiid and 
i''iiiLihaik agam, and takes the jiosition of cquilibnum fl'he attiactioii and ie2Julsuiii of i 
JUciit on a magnet give rise also to rotatory motion Faraday showed this hy tin following 
'‘I'P iritii-i Through the bottom of a deep vessel containing mercury, a wire fiom tlie battciy 
(' “ hook connected with the other terminal of the battery sustained one cud of a wiie 

iV)-'*"! 1 mercury cup, while the other di2>2)cd into the lucrcuiv, and thus com- 

liir^'"*^** ^ * ircuit This wire was longer than the shorlest distance fioiii the hook to the 

' being buoyed up at the lower extremity assumed a posit'on nearly vertical but not 

di t" centre of the vessel stood a vertical bar magnet with its too 2’™jcctiiig some 

* ‘"^ce above tho mercury. The current passed through the mtrcuiy into tho moveable w'lre, 
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and by means of the hook which supported the latter, back to the battery , the wire then re 
volvedround the magi^et Similar rotation was shown by i magnet about a fixed curicnt The 
following law goveni‘1*' these rotations^ Suppose an ohicrier to be placed at the north pole of ,, 
magnet parallel to the curt ent, and lot Jam, looL at the eui rent whush appears to him to flow npnuid 
then the rotation of the current takes place from right to left Erom these and from similar e\’ 
peninents it appears that a portion of a current in a magnetic field tends to mo\e so .is to cut 
the hnes of magnetic force at ri;,lit angles, and m sucli a direction that a figure pl.iced in the 
wire while the cunent enters at his feet, and looking at the north pole, is uiged towards the 
right 

M De la Eivc'has devised a beautiful appiratiis for showing the rotation of an induced 
current passing through a vacauni (i^ee hUiti ic Ugg ) Into the exhausted vessel a piece of 
soft iron jirojccts, which is covered with glass and shell lac, and thus most carefully insulated from 
the vacuum spice, and it temiiuates outside m the centre of the wooden foot on which the 
apparatus stainls At the top of the vessel a wire enters in the ordinary way, and at the bottoin 
a wire projects inwards, carrying a img which encircles the glass tube containing the soft iron 
Tlic foot being set on one pole of in electric magnet, the soft iron pieco becomes a magnet hi 
induction A current la now mule to p iss through the vacuum, and the arc of light is scui 
bctwi cii the wire at the top and the ring below, and under the influence of the m.sgnct it 
rohitci, slowly round the pole, the c.rcction depending on the direction of the current and nn the 
nature of the pole of the magnet on which the soft non is jdaced The apparatus was ongmallj 
devised to illustrftte the theory of M Do la Hive with regard to the rotatiou of the Auiiii.i 
Eorcahs, (7 11 ) 

As might be expected, tbc earth’s mignctism produces on effect on currents free to mow 
under its mflneuce m precisely the sauic way that an artificial magnet acts This is demon 
htrated either by means of the floating cunent or hy the other moveable apparatus which we 
liavc mentioned above The laws winch govi m the action of the earth ujion moveable currents 
are piecisoly the same as those which hold in the case of aitihcial magnets , but iii appljiug 
them it must bo borne in mind that, according to our English way of naming the poles of i 
magnet, the north pole of the magnet coiTcsponds to the south pole of the earth The followin,' 
law, deilnccd, of course, from the gfciioral law, may be stated in particular as being \cr> mi 
portant 111 connection with the theories of tcrrcstiial magnetism and with the action of tlu 
solenoid, of which we aic about to speak Let a closed ciiiient in a \ ertical plane be capable uf 
turning about a vertical avis, which is, for example, the case with Dc la Hive’s floating battery, 
the cut 7 int jilaces itself m a plane pei pendictdai to the magnetic meridian, and in sueh a icaij that 
the CHI irut desceiuls ir the east of theaxis afiolation and ascends to the west of it 

Of t<ole 7 mds Solenoids were used by Ampere foi illustrating Ins theory of m.agiictisni A 
solenoid IS constructed by winding copjicr wire in the form of a helix or sciew on i cylinder uf 
convenient size ( i to l 5 inches in diameter) , the ends of the wire are turned inward and 
brought back along the axis of the cylinder to the middle, where they are turned at right .ingles 
to the .axis ,iiid brought out between two of the turns The parts of the wue are insuliitcil In 
beipg hejit .at .1 distance from each other The ends of the wire are earned for a short distascr 
at nght angles to the axis of the helix , they are then bent round into such a fonn that thej 
may be placed m two cups of mercury which are supported one vertically above the other ui 
horizontal metallic arms The solenoid can thus be suspended with its axis horizontal, and i ni 
turn round the veitical axis, passing through the mercury cups It is called nght-liauded wlitu 
the turns appear to go m the direction of the hands of a watch , left'lianded when m the i'])| « 
Bite direction The effect of tlic solenoid when a current is passing through it is pieciscly fli^ 
same as that of a senes of parallel circuhir currents at right angles to its axis M hiii ■> 
solenoid is traversed by a current, it has all the properties of a magnet 111 which the south pi’k 
u that m which, to an observer looking on it, the current appears to move in the diicction of 
the hands of a watch This follows from what we have just shited with regard to the action of 
the earth on a closed current in a vertical plane Let this solenoid be suspended in its merioirv 
cups, the terminals of the battery being attached to tne arms which carry them, and let d be 
placed with its axis not u . the direction of the magnetic mendian, it will immediately begin to nwi e 
BO as to place itself m that plane, and after a few oscillations will set itself in it just as i nias.'no* 
would If it be removed tram its position by the hand, it again ratums to it It will befouml. 
also, that when in its position of rest the currents m the spirals are descending to the east u 
the axis of suspension and ascending to the west of it It appears, therefore, that the soot 
pole of the solenoid is that m which an observer to the south of ibsees the currents circulate m 
the direction of the hi^ide of a watch This experiment may also be shown by constructing 
very small solenoid and attaching it to the tennmal wires of De la Biv e s floating battc^ 
.Again, a magnet and a solenoid act upon each othei just as a magnet would act upon a magn^ 
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When the north pole of one is brought near to the south pole of the other, attraction takes 
place , while if the two nor^ poles or the two south poles are presented to each otlici, rtpulsion 
18 cxlubited The solenoid may even be made to attract iron fihngs , And in every rrspcct the 
]w of attract^ion and repulsion between a magnet and a solenoid is plainly the same as that 
unich would hold between the magnet and a second magnet whose strength is the same as tliat 
of the solenoid Lastly, one solenoid acts upon another as one magnet acts on mother 
iua"uet , and if a solenoid, capable of tunung about an aMs, is brought near to a rectilinear 
cuiTcut, it takes a set according to the same laws which (Ersted gave for the action of a cur- 
rent upon a magnet Sut these actions of a solenoid on a solenoid and of a cuiTeiit on a 
solenoid can all be brought under the laws of the action of one current upon another Uciico 
Ampere was led to hia celebrated theory of magnetism, in which he assumes the existence of 
currents around the magnet m places perpendicular to the magnetic axis lie supposes that 
aiound the molecules of a magnet currents are perpetually ciiculating in a direction at right 
angles to the magnetic axis, and such that an observer at the south pole of the magnet would 
see them moving m the same way as the hands of a watch , within the magnet these (urreuts 
ncutialise one the effect of the other , but at the outside of the magnet the aggregate effect of 
the whole is that of cunents circulating round the magnet m the diieetion just indicated 

ELECTllOLYSIS (Xi/ai, to loosen or disengage), is the resolving or splitting up of a com- 
pound into its elements by means of an electnc current A few weeks after the invention of 
the pile by Volta, Nicholson and Carlisle showed by means of it the separ.itum of w.iter into 
its constituent elements, oxygen and hydrogen , and not many years elapsed biffore Davy displayed 
at the lloval Institution potash resolved by the batteiy into oxygen and potassium Then 
followed (juickly the discovery and preparation of new metals, ami the mvcntion of the clcctro- 
tvi'ing and electro-plating processes, and there is now no more important application of clec- 
truity to the arts than tliat which depends upon electro chemical decomposition 

Let the wires connected with the poles of a battery of throo or four cells be terminated by 
shj)s of platinum, and let those be immersed m watei, slightly acidulated with sulplnnic acid, 
u will be found that they immediately become covered with bubbles of gns, whiih mcrciiso and 
1.0(111 cgin to nee through the In^uid If the gases are collected with propei precautions it will 
be found that one of them is pure oxygen, anil the other pure hydrogen, and th it the amounts 
of them are one volume of oxygen to two of hyilrugen , the same quantities, in fact, os those iii 
wliieh o jgen and hydrogen arc associated to form water It will always bo found, too, that 
the rvvgeii is given off at the side connected with tlie positive or platinum polo of the battciy, 
th( hicrogen at that connected with the negative or zme pole 

(lui nomenclature, and much of our knowledge on this subject, wc owe to Faraday Ho 
calls any body which undergoes decomposition (similar to that which wc^have described in the 
iiMc (il Wat' •■) an electrolyte , the surfaces at which the current enters or leaves an electrolyte he 
(alls ilntroikh yodof, a way), calhng that the aruxle {am, upward) at which it enters, and that at 
v( hich it leaves the kathode (xara, (lowiiward) (See A node ) The electrolyte, under the intlucnco 
of the cuirent, is spht up into two portions called wns {iir, that which goes), which move 
towards the two electrodes, that which goes to the anod(’ is collcxl the amon, the other the 
kathwn, going as it does to the katUode With these dchmtious we proceed to the laws of 
electrolysis 

I JilettrcHygia only takes place when the decticHyteti tn the liijmd state For during elcctro- 
Ijsis a species of (hscharge takes place which is very diffennt from ordinary conduction in a 
wihd It includes, if it does not wholly depend on, a convc'etivo action, during which the parts 
of the body under electrolysis are transferred, one to one side, the other to the other , and it 
rwjuires the fico mobility of particles afforded by the liquid form This transference of par- 
ticles may 1 h‘ well shown m the following way Let two vessels contammg srliition of sulphate 
of soihum bt! placed side by side, and connected by means of a sijihon filled with the same 
h(^uid, and let a shp of platmum connected with the positive polo of a battery be placed in one, 
a slip connected with the negative pole be placed m the other The sulphate of sodium 
(^a2S04J IS divided into two portions , the metal (Na^) goes towards tho negative pole, and the 
a<ad raihcal, as it is called, (SO4) goes to the positive pole , and it is found, after a time, that the 
Whole of the metal is m one vessel, the whole of the acid radical in the other If the electrolyte 
Is whdiiied, this action is at once put an end to, and the current, as may be seen by including a 
galvanometer m the circuit, immediately ceases This can be shown by plungin'g into ice cold 
Water an electrode which has been chilled m a freezing mixture , an excessively thin film of ice 
Covers the surface, but th\s is quite suffiment to prevent electrolytic action , when the ico melts 
he current passes, and the decomposition at once begins In thi case of gases there are some 
“ases m which decomposition of a compound gas takes place under the influence of electnc dis- 
cnaige, but such action is not at all of the nature of electrolysis. 
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2 During electrcHygis the components of the electrolyte are resolved into two groups, one of which 
goes to the positive electrode or anode, the other to the negative electrode or kathode This law has 
been already illustrated^ under it elements, when m combination, are divided into classes and 
called dectro-positive or dectro-negative, those which go to the negative electrode being electro- 
positive, and those which go to the other electro-negative, these names having reference to a 
theory which Buii2X)se'!i them to contain respectively positive and negative electricity, which 
IS the cause of their attraction to the electrodes, and which they ncutrahse with the net^atue 
and positive electricity with which the electrodes are kept charged by the pile Acconlmg to 
this division hydrogen and all the metals are electro-positive , during electrolytic decomposition 
they all appear at the kathode , while oxygen, and all the bodies that resemble it, are electro 
negativ e, and appear at the anode In salts also, which are not binary compounds, such as 
nitrate of potassium (KNO^), or sulphate of copper (CUSO4), the metallic portion of the -.alt 
goes to the kathode, and all the rest of the elements (NOg or SO4) go to the anode This 
division of course corresponds with Faraday’s division into kathions and anions , he gave thni 
these names in order to be free of all hypothesis , but the words electro positive and electro 
negative arc stiU commonly used, even by those who do not admit the theory which gave nse to 
them 

3 27 ic electrolytic action of the current is the same at aU parts of the circuit If several decom 
posing cells are placed in the same circuit at different parts, each filled with acidulated writer 
or with any other electrolyte, it is found that precisely the same amount of decomposition 
oecurs in each g 

4 The quantity of the deetrolyte decomposed in a given time is in simple proportion to the 
sUength of the current, and the same qiumtity of electricity decomposes chemically equiirtlcnt 
quantities of different dccti oLytes Suppose that in tho same circuit are included a tangent gaKu 
noineter (see (falvanometer) and a det()mpo«ing cell, and that, a current passing, a certain auiount 
of gas IS collected from the decomposing cell m one minute Then if the strength of the cmruiit 
be mcrcasod till the galvanometer indicates that it is doubled, twice the quantity of gas wall 
now bo given off per minuto From the perfectly definite character of this action, F.iraday 
proposed to use it as a means of mo isurmg the strength of the current, and hence came his 
Voltameter It consists of a bottle into which platinum wires carrying platinum plates project 
through the stopper A tube of glass passes through tho stopper and bends downw ards out iile 
after the manner of an ordinary delivering tubo for gases With the exception of the tubulir 
opening the bottle is comjih-tcly closed, and it contains water acidulated with dilute sulphuric 
acid The current passing, electrolysis of the water takes place, the mixed gases are given off, 
and by means of the class tube are collected, accorebng to the ordinary way for collecting ga-is 
in a graduated jar 'rno strength of the current is measured by the quantity of gas given off in 
a certain time The second part of this law may be illustrated by placing in the same circuit a 
niinibcr of decomposing colls containing different electrolytes , for example, water, solution of 
sulphate of copper, fused chloride of tin, and pcnmttmg the current to pass through them all at 
once The quantity of electricity that jiasses must be the same for each, and on collecting the 
products of di composition with proper jirucautions it will be found that the quantities of tlio 
clectiolytes decomposed are strictly in proportion to their chemical ccjuivalents Moreovci, if 
the amount of chemical action which has gone on wuthin the battery is determined, there being 
of course no local action on the plates, it will bo found that it also bears the same relation to 
the decompositions in the various cells as they do among themselves Thus, supposing the 
battery to consist of zinc and platinum with some exciting hquid, for every 32 7 grams of zine 
dissolved in the battery colls g grams of water are decomposed in the voltameter mto i gram 
of hydrogen and 8 of oxygen, in the sulphate of copjier cell 31 7 grama of copper aic thnmn 
down, and a corresponding quantity of the acid rodic.il liberated, and in tho cell contaiuing 
c blonde of tin, 59 groins of tin and 35 5 of clilonne arc set free, tbeso numbers being thoac 
which represent chemically equivalent quantities of the respective bodies, that is, quantitui 
which may be substituted for each other in forming chemical compounds Suppose again, that 
the voltameters are placed side by side m such a manner that the current diviing itself pa-ses 
part through one and part through the other, then whether the voltameters contain the same 
electiolyte or not the total quantity of decomposition that goes on m the two is clicmiiah) 
equivalent to that which goes on in a voltameter arranged m tho same circuit, so that the 
whole of the current may pass through it 

In the case of electrolysing sneh boihcs as sulphate of sodium the results obtained are v eiy 
much coinpheated by what is called secondary action It is found ^at not only is th* re on 
equivalent of sulphate of sodium decomiiosed, but that oxygen is besides given off at the positive 
electrode and hydrogen Jit the negative The current thus appears at first sight to do douh o 
work m decomposing both water and sulphate of sodium. This is, however, a result of purely 
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chemical action. As we have said, at one pole there is hberated sodium (Noo), and at the other 
the acid radical (S O4), or as it used to ho caUed oxysvlphwn. Tbs sodium attacks at the 
moment of its hbeiation the water in which the salt has been dissolv^ accordmg to a chemical 
’■eaction expressed by the symbols — 

Na, + 2 HjO = 2 NaH 0 + Hj, 

and thus caustic soda is fonned, and hydrogen set free, which bubbles up, and as will be re- 
marked, appears in equivalent quantity Similarly, in the other case, the group of atoms S 
coming in contact with a molecule of water breaks up and at the same tune forms sulphunc 
acid, and gives off oxygen Thus — 

S O4 -b H j O = Hj S O4 -p O 

In almost all cases of electrolytic action, except where the electrolyte is a binary compound in 
the f'l'-ed, not dissolved, state, secondary action is an accompaniment , and it is frequently 
difficult to separate the effects due to oue from those due to the other cause The decomposi- 
tion of water m tho voltameter is by many authorities, and with very good reason, ascribed to 
secondary action It is held that water alone is not an electrolyte , if pure water be submitted 
to the action of the battery, little or no decomposition occurs even though a large number of 
cells be used, but on acidulating it with a bttlo sulphuric acid, electrolysis at once sets in Tho 
reason given is this the sulphunc acid H5SO4 breaks up into two portions, of which one H,, 
goes to the kathode, and rises there in bubbles The other SO4 is set free at the anode, and 
there acting on the contiguous molecules of water combines to reform sulphunc acid and liberate 
the oxygen Oxygen and hydrogen are thus set free m the proportion in which they form 
water, the action depending on the decomposition of the suliihunc acid by the pile , and 
sulphuric acid, being constantly reformed, there is no loss of it m the voltameter Distilled 
watei is, it is true, decomposed to some extent by a powerful battery , but Davy, during a senes 
of expti imenta with a somewhat different object, found it abnost impossible to obtain pure water 
even with the most extraordinary precautions He opciated m vessels of maible and uf gloss, 
aud found the marble and glass slightly dissolved by tho water , in vessels of gold and of wax, 
but ven there the water was contaminated by absorbing impurities from tho air , and os he 
anToached complete punty the amount of electrolytic decomposition became excessively 
small 

Whc*i several electrolytes are mixed, the results of electrolysis depend upon the strength of 
the ( unerit, ard on tho qualities of each in the mixture A strong current gcne'rally acts somc- 
u hi t oil all of them, and gives at one pole a mixture of the anions, at the other a nn \ture of the 
Katlivuia , and the quantity in which the several elementary bodies appear depends ujiuii the 
quantities of the comiiounds in jthc mixture, and on the relative case 9t difficulty with which 
they jield to decomposition When the current is weak only that which yielils cosiest is, m 
general, electrolysed. The Becqucrcls and Mattcucci applied themselves to the investigation of 
tins question, as" did also Daniell and Miller, but the quantitative laws cannot yet be said to be 
at all thoroughly understood 

There are many points concerned with electrolytic action which our limits force us to leave 
aliuost untouched We refer the reader for fuller information to De la Hive’s Treatise, (vol 11 , 
in particular ) Faraday displayed the electrolytic decomposition duo to fnetionol electricity, and 
hkewise investigated the laws of electrolysis by the galvanic eurrent (See £xp Jicstat ches, 
vol 1 , or PhiL Trans See also tho Papers of drove ami Graham , and a paper by Andrews, 
•dn de Chcni et de Pliys (N S ) t L , on the Electrolytic Decomposition of Water by the 
Uectiic Machine 

ELLCTHDLYTB Any compound substance which undergoes decomposition or separation 
into its constituent ports, under the influence of the electric current, is called by Faraday an 
tUett olyte Electrolytes are all chemical compounds , and all, so far as we know at jircsent, 
contain a metal and a non-metal, or something chemically eqmvalent to each of them No suc- 
cess has yet attended endeavours to decompose such bodies as definite alloys or amalgams 
Electrolytes must always be m the liquid condition, whether brought to it by fusion, or by 
•wluticn in some liquid In this condition they must bo capable of transmitting tlio clcctnc 
'^'iwent (See Electrolyna ) 

ELECTRO-MAGNET An electro-magnet is fonned by wrappmg round a core of soft iron 
? many turns of moderately thick and well-insulatcd coppci wire The core is generally 
wilt mto the form of a horse shoe It is frequently made by screwing the ends of two soft 
to a stout flat iron bar It must be formed of very pure iron, and be made 
perfectly soft by tho most ‘careful annealing after the bending, jf it is bent, has taken place. 

Ls pcdished with a file, the greatest care being taken to avoid twisting it If this bo not 
the bar retains a portion of its magnetism after the current ceases Tho wire is modc- 

tely thick and insulated with silk or cotton and is coil-ed chiefly about the two extremities. 
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and in such a way that, to an observer looking upon the poles, it appears to be wound m oppo- 
Bite directions upon then) On Bending a current through the coil, the core becomes instanta- 
neously a magnet , and breaking contact with the battery, it loses its magnetism at once 
The power of the electra-magnet is enormously greater than that of any permanent magnet 
A permanent magnet, weighing i pound, has been made to eairy 27 , hut Dr Joule was able 
to construct a small electro-magnet, by arranging the coils to advantage, and proportioning 
the wire of the core, and the thickness and length of the wire, which would carry 3500 tunes 
its own weight The folloiving arc the laws connected with electro-magacts , Muller baa 
investigated them The temporary mar/nette monvent depends upon the strength of the current, 
and on the number of turns of the wiie, and also on the length and diameter of the soft iron 
core Tlicre is a limit, however, in the case of a thm iron core, to the advantage gained by 
putting on a largo number of tuiiis m the Hpiral , and even with a thick bar, more may be Inst 
by increasing llic number of turns, f 1 0111 tlie resistance offered to the current and consequent 
diminution of it, than there is gained by multiplymg the number of coils The mOQnctiL moitvciil 
ts proportional to the atienyth of the cmient, tfit he not very great, to the number of tui ns in the 
sjnial within the limits just mentioned, and to the square root of the diameter of the co)" It 11 
found also that the m ignctisin is the same whether the core be an iron bar, or a hollow iron 
cybndcr of the same diameter 

ELECTKO-MAtrNETIO MACHINE See Magneto-Elcctnc Machine, and Elcctro- 
Mai/net 

ELECTEO-MAtlNETISM A name sometimes applied to that part of the science of 
electricity and magnetism which tre its of the production and properties of temporary magnet- 
ism by the passage of a current of electricity round a bar of soft iron The division is useless 
Eor information on the subject, sec Magnetism , Election Magnet 

ELECTROMETER An msti unicnt for measuring differences* of electric potential hctivei n 

two conductors through effects of electrostatic force 

The word electrometer is frequently applied to that which we have called m this work an 
electroscope, which is merely an mstniment for imlic iting a (htference of potentials without 
attempt it measurement (Kco Elccti oscope , Bohncnhcn/cr's Electrometer, &c ) 

Besides the torsion balance of Coulomb which we have dtsenbed, (see Balance, Tonion,) 
the pnncipal electrometers are that of Peltier, and those invented by Sir William Thomson, 
who has dov oted much tune and labour to the construction of thorn A description of those 
instruments would require mnny pages , all that we can do hc'ro, is to give a veiy brief mihea 
tioii of the nature of them, ,iii<I to icfer the reailcr to detailed works on electncity, and to the 
report rcfeiicd to in*thc note below, in which tho fuUesli mformation, with diagrams auJ 
descnptions, will be found 

Peltin' s Elect! ometer is constructed in the following way A horizontal bar of brass 
tipped with a knob at each end, is carried on a carefully insulating support This bar is con 
nected with a brass rod, which rises vertically, and is furnished with a large ball at the top 
A cliargc being communicated to the ball at the top spreads itself over the whole brass nnl, 
and over the hon/ontal bar below Upon a vertical pivot, it the centre of the horizontal bar, 
a very liglit wire of aluinmium swings lioii/oiitally The wire is bent mto such a form that, 
though the centre of it is raised upon the pivot, nearly all the rest of it hes m the same bonzon 
tal plane with the bar of brass , and when the instrument is uncharged, tho idumniium 'wue 
18 in contact with the brass bar through the greater port of its length It is kept in this po'i 
tion by a small magnet attached to the swinging wire , and the instrument, when in usi , 
placed BO that the brass bar may bo in the magnetic mcndiau When a charge is given to the 
instrument, the brass bar is as we have said electrified , so also is the alunumum wire by con 
tact Repulsion takes place between the two, and the wire, compelled towards the magnetic 
mendian by thi? magnetic couple acting upon it, t ikes a position depending upon the strength 
of the charge. Tho angle which it has turned through is read off on a divided circle plateil 
below it 

There are three pnncipal forms of electrometer invented by Sir W Thomson He has 
caUeil them the Absolute Electrometer, the Quadrant Electrometer, and the Portable Electro- 
meter 

The Absolute Eledrometer consists essentially of two parallel circular plates attracting one 

* IhffoTonce of electric potential Is that whlcli produces electromotive force, and electromotive f^e 
to produce a flow of electncity between two points which have a difference of electnc potential Jne 
“ through effects of electrostatic force," distinguish between electrometers oilH galvanometers, which 
measure differences of electric potential by means of olcctrodynaniic effects (See ^tettromatatTO 
Sleitioatuliea , ilectrodynai ow ) The deflnition in the text is quoted from the report of Sfr William Thoms 
on ElectTonscters and Electrostatic hleasurement Eeport to the Eiltish Association for the Advancehicoi 
Heleuce, on Standards of Electric Eesistance, 1S()7, 
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another One of them, the upper one, is suapendcd from one arm of a balance , tUo other is 
capable of being moved to a greater or less distance from the first by means of a iiiniomctcr 
screw The upper disc is always brought to a fixed position (which can he \eij aciuiitoly 
detemiiued) by means of the attraction of the lowcr( the amount of"Jattr.utiiin bung regulated 
oy the distance between the two plates It is thus seen that tho eleetiic loree is actually 
wevhed , and Sir \V Thomson has given formulas by means of which the difference of poten- 
tials IS dcducible in absolute measure, the areas of the plates and the distance between them 
being knov»n 

In the Quadrant Ekctromcier a, thin aluminiitm "needle” (or rather elongated plate) is sup 
jiorted hy a bifilar suspension in a hon7ontal position It is elcetneally eoinieeted with tin 
mteiioi coatmg of a Leyden jar, which forms part of tho instrument, and anangeinents aic 
made, by means of a replenisher,* for keeping the charge of the jar c onstant The needle ” 
swings inside a cylindrical box which has btcnihvided into foui quadrants, and his ciieiilar 
ipertures at the top and bottom, tfnough which the suspension of the needle and iwiigbt 
attaelied to its centre pass The opposite pans of quaihants .ire connected together by moans 
of wiles, but each quadrant is insulated from those adj iiciit to it By moans of “ ehi tiodcs,” 
III lines which proceed one from each of the pairs of quaih ants, a chargi '’an be eomnniiiK ited 
to one or other of the pairs lii this case the needle, wbii h, we have already inintioiiid, is 
kejit electrified, savings round the axis of hiispension to one side oi the other, the bifilai suspen- 
sion aetmg against this tendency to turn, and i wising it to take up a position depenilnio upon 
the amount of cliaige that has been given to the qii.ulnnts To measiiri! tho angle through 
whirh the needle has turned, the same arrangement is made use of as that whieli is ail'ijitid m 
the lase of the mirror qali.anmneter A small mirror is atticKod'n tb» ncoillc ami Ivims with 
it In front of the instrument is pLieed a horizontal scale with a shf or ludo in tin niitlille of 
it lamp which is set behind this slit sends a beam of light to the minoi, and she light '■e 
II e< ted I alls upon the scale By reading off the division of tlit aralo on whnb tin icHicted 
lie III hills, the angle through which the mirnir and needle have turned is di teninned 

At Poi table Electrometer In this instrument there* aie two parallel discs of hi iss, ^hc lower 
OI I iich IS iK'Tmanently coimectcel with thi inside coating of i Tjeydcn j ir, and the otliei , which 
Is uiiulatod from everything except a wire whuh jiroereda to tho outside of the lustrn- 
inent, and by means of which a charge can he give ii to the disc In the middle of the lowci dist 
tin <c i- a, square hole cut, in which a sqnaie alninmium plati', mnth on the principle of a evrt- 
wi i,hiii„ i.iachme, is suspended, exccjit that, instead of lovers and n eights, the torsion of a tightly 
nti ( Ul ( a platinum wire keeps the plate in position An index arm jn oecods out to tho < ii i um- 
fen icc of the disc, and with the aid of a lens it is pot>Bihle to determswe with great accuracy 
whfu the index is in its proper jil.ice On giving a ch.arge to the ujiper pi ito, aftiai tumor 
njiiilsiou t dies Tilnco between it am( the lower, the alumiiiinm pi ite is drawn up or foiced down, 
and the index aim exhibits the motion The njipcr plate is then moved bj means of a screw 
to a greater or less distance from the other till the aidex has returned to position The distance 
I'Ctiiecn the jilates is read off on a scale attached 

LLBCTIlO-METALLUBtiY is divided into two branclu s— AftrtTOfiyinnf/, wvhich is em- 
ployed in producing copies of medals, coins, seals, &c , and Electi oidutiw/, wliieh is tho art of 
covering baser metals with a thin coating of silver or gold by me ms of clcetiiuty 
ELLCTKOMOTIVE FORCE is the force by which eloctiieity ls put .n motion , or, in 
other words, the force which causes a transfer of electricity between two jioiiits is called the 
electromotive force betweem those points Acconling to Ohm’s law, the strength of an electric 
(urrent, which is measured by the quantity of clectneitv that flows thiough any hcetion of tho 
circuit in a unit of tune, is directly proportional to the electromotive force, and mvciscly pro- 
juirtinnal to the resistance Thus, if the resistance be kept constant, double the elec-troinotive 
force will produce twice the current, will effect twice as much electrolytic decompositum in a 
given time (see Electrclysia), produce twice as much heat (see Current, IleaUwj hffccli of), or 
givi twice as great electro-dynamic effect (see Electro-dynamics, Electro-may net), will, m fact, do 
twice as much work 

A current cannot exist without doing work, and the doing of work pre supposes force , 
hence the ongin of tho term 

i’he reader may consult Ohm's Law, and for full information as to the connection between 
and work a " Treatise," by Professor J Clerk Maxwell and Professor F .Tcnkin, 
On the Elementary Relations between Electrical Measurements,” British Association Report, 
^oo 3 t and the papers of Sir W. Thomson lu the Philosophical Magazme, particularly Ee- 
ceraher 1851 

Electromotor (hfoveo, to move ) Any arrangement which gives rise to an electric 
* A veiy sm a l l eUctiostatlc Induction elecMc madilne which Is attached to each Instioment ■ 
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current, sucb as a single cdl, a galvanic battexy, or a thermo-electric pile is called on electro- 
motor, and sometimes a rheomotor. 

ELECTRO-NEGATI'V^, opposite of Electro-positive, which see 

ELECTROPHORTJS f{<pipu, to bear') An instrument for obtaining electricity by means 
of induction A shallow brass or tin tray, called the form, of convement dimensions, is filled 
with a compound of equal parts of shell-lac, ream, and Venetian tnrpcntme The ingredients 
are melted together and poured mt > the form, making a cake three quarters of on inch thick 
A brass plate with well rounded edges is made to cover the resinous plate veiy nearly, but 
without approaching too closely the edges of the form It is furnished with a glass handle 
which stands vertically from the middle of the plate, and by means of which it can be lifted 
from place to place To obtam electricity by means of the electrophorus the resmous xilate is 
warmed, and bnskly struck and rubbed with a warm, dry cat-skm or flannel It thus Incomes 
negatively electiified The brass plate is then laid upon the resinous plate Owing to its 
ngichty, it only touches the resinous plate in a few points These become negatively elec- 
tnfied by contact, and if we raised the plate we should obtain a slight negative charge By far 
the greater part of the plate, however, is acted upon inductively across the thin layer of air 
lymg between it and the resmous plate Positive electricity is attracted towards the lesinous 
plate and negative electricity set free On hnnguig the finger up to touch the plate, therefore, 
a spark will ho perceived, and the negative clcetneity escapes, accordmg to the common Un 
guage on the subject, to the ground Tiic finger is now removed, and the plate raised by means 
of the insulating hairile, when it is found to contain a charge of positive electricity Por many 
purposes the electrophorus is a very convement mstrument In dry weather the charge upon 
the resinous plate may, and often docs, last for weeks 

ELECTRO PHOTOMETER, MASSON’S This photometer is described in Watt’s. L>c- 
tionary of Cliemwtry, voL iii , page 597 It consists of a circular disc divided into white and 
black sectors of equal size, and set in motion by clockwork at a uniform rate of 250 to 300 
revolutions in a second If it bo then illuminated by a constant source of light, such as a lamp, 
it appears of a uniform gray tmt, in consequence of the duration of tho visual impression on 
the eye , but if it be illuminated by a practically instantaneous light, such as the elcctnc spark, 
the black and white sectors become distmetly visible, and appear as if they were fixed, because 
they have not timo to move through a sensible angle in the extremely short interval during 
which the spark continues If, now, tho intensity of the light afforded by the spark he gradu- 
ally diimmshed, by removing it to a greater distance, tho source of constant light remaming as 
before, the increase of illumination which the spark affords to the disc ultimately becomes tuo 
feeble to render the s^ors visible, so that the disc still continues to exhibit a uniform gray 
tint The relative intensities of the constant and instantaneous hghts at which this limit is 
attained, evidently depend upon the number of the sectors and tho velocity of revolution The 
relative intensities of two electric sparks are as the squares of tho distances to which they must 
be removed from the disc to cause the sectors to di!.ax>pear, while the disc is illuminated by a 
constant light On the other hand, to use the mstiument for comparing the intensities of two 
contmuous hghts, a succession of electric sparks is made to pass 111 front of the disc, and one of 
the constant hghts is made to approach it ^ the sectors cease to be distmguishable The same 
experiment being then repeated with the other hght, the intensities of the two arc as the 
squares of the distances thus determined (See Photometer ) 

ELECTROPLATE In electroplating, articles formed of tho baser metals are covered with 
a coating of gold or silver electro-chemically deposited The process is difficult in practice, and 
requires, m order to be successfully earned on, minute attention to details We give here a general 
account of it, and of the prmciple on which it depends, which is very simple, referring the reader 
for particulars to complete works on tho subject First, with regard to tho prmciple When 
a plate of copper, or ^ver, or gold, &c , is attached to the positive pole of a battery and im- 
mersed in a chemical solution of the same metal, such as sulphate of copper, cyanide of silver, kc , 
any conductmg material attached to the other pole and placed opposite the first m the same 
solution very soon becomes coated with the metal used The metal plate is gradually eaten 
away, and an equal quantity of the metal is deposited upon the body at the negative pole 
This IS the foundation of the process. We shall describe electro-sdvenng The iu^cles to bo 
silvered must first be most carefuUy cleaned , they are generally made of brass, copper, or 
German silver, the last being preferable to either of the others When they ore made of iron, 
zme, or lead, it is necessary to electroplate them with copper, since the silver coatmg does not 
adhere to these metals properly They are first boiled in solution o£ caustic potash by means 
of which all grease is dissolved, and the surface made uniformly conductmg , to remove sdl 
of oxide they are next tAshed with dilute mtnc acid, and they are finally scoured with fine 
sand. After this they are coated with mercury by immersion m solufaon of nitrate of mercury , 
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the film of mercury thus obtaoucd produces perfect adherence of the silver to the bmf.ice The 
silvering solution consists of one part of cyanide of silver dissolved in a solution of ten parts of 
c\aiiide of potassium to one hundred of water, and is placed in a suitable trough in winch the 
irticles to be sdvered hang by means of wires from bars of copper stretching across the trough 
These bars are connected with the negative or zuic pole of the battc'iy, and a platu of silver 
attached to the other pole is placed in the bath The current is immediately set up, and silver 
from the cyanide is deposited at the negative electrode , the cyanogen, which is set free .it tlu 
positive electrode, attacks the silver plate and dissolves it, thus keeping the strength of the 
solution constant The thickness of the coat depends upKin the length of time during winch the 
action is allowed to proceed The articles on bring taken out of the solution and diicd present 
a dull whitish appearance , they are first polished by means of a revolving brush, and afterwards 
buniishi J Electro-gilding is performed in precisely the same way The solution usol lonsists 
of 100 water, lo cyanide of potassium, and i lyamde of gold, and it is kept hot during the 
process When different shades of gold are required, plates of gold alloyed with sd vei or copper 
are employed Eor platinising, too, the same method is employed 
ELECTRO POSITIVE AND ELECTRO-NEGATIVE Elements are called electro- 
positive, or electro-negative, uUh regard to each other, in any combination, according os they 
tend to go during electrolysis, respectively, to the negative or positive electrode in the (lecompos- 
ing cell (Sco ElecUolysu ) Thus ahst may be formed in which any body, at the btginniiig, 
IS electropositive with regard to any body which precedes it, and elcctio-ucgativc with icg^ird 
to any body which succeeds it , that is to say, if any two of the elements be combined together, 
and then submitted to electrolytic decomposition, the clement nearest the top of the list will 
go to thi positive electrode, or that connected with the platinum plate of the b ittciy The 
i/tlier will go to the negative electiodc, or that connected with the zinc of the batteiy The 
following hst by Berzehua is extracted from Miller's Elements of Chemistry, vol i , but 
la remarks with respect to it, that probably it is not stiictly correct, at least in the case of 
hyiiiogeu Olid almnuumn , and also that tho order may to a cei tarn extent alter with circimi- 
slan 03 — 


E'aii o-nejative— 
Oxygen 
t)ulphur 

Molybdenum. 

Palladium 

Zinc. 

Tungsten 

Mercury 

Manganese. 

Selenium. 

Boron 

Silver 

Uranium 

Nitrogen 

Carbon 

Copper 

Aluminium. 

I'lnoiint 

Antimony. 

Bismuth 

IS^gnesmm, 

f''hlonne 

Tellurium. 

Tin 

Calcium 

li’T-jime 

Titanium. 

T<ead 

Stioutium. 

lodme 

Sihcon 

Cadmium. 

Barium 

Phosphorus, 

Hytbogeu. 

Cobalt 

Lithium. 

Arsenicum 

Gold 

NickeL 

Sodium 

Ghromium 

Platinum. 

Iron. 

Fotassiiira 

Vanadium. 
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See also Gratthus'a Hypothesis 

Under Affinity and Chenmtry was noticed that force, in virtno of which elementary 
bodies unite to form compounds Long before the discovery of the pile of Volta, an inti- 
mate relation was all but proved to exist between electrical forces and affinity After that 
great discovery, Davy estabhshed the relationship by many striking proofs Grotthus, also, in 
lSo 5 , referred to Volta’s pile as “anelectrical magnet of which each element, that is, each 
pair of plates, has a positive and a negative pole May not a similar polarity come into play 
between the elementary particles of water when acted upon by the same electrical agent J ” 
As the idea became developed, a connection of polarities was estabhshed in crystalline and oiiti- 
cal phenomena Thus, in reference to the formation of crystals, lierzchus, in 1820, 
Wrote “It 18 demonstrated, that tho regular forms of bodies presujqwso an effort of 
their atoms to touch each other by preference in certain points , that is, they are 
founded upon a polanty which can be no other than an electric or magnetic polarity ’’ 
In the application of this idea to affinity, the chemical elements were supposed to 
lonsiBt of particles having poles , like poles repellmg, unhke attracting each other 
(oee Magnet ) Two bodies with opposite properties, such as an acid and an alkali unite 
With energy and produce a neutral compound, just as positive o'ectncity unites with negative 
produces equihbnum 

But the idea of polanty, as appked to chemical afiSmty, unphea something more than the 
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reptilaion of like poles, and the attraction of unlike Faraday, pursuing with his usual ornrj 
nahty and perseverance the track opened up by Davy, was satisfied as to the polar nature nf 
affinity, but saw many difficulties in carrying out the idea of particles endowed with jKjhn 
According to him, chcmibal synthesis and analysis must take place by virtue of equal and 
Bite forces, by which the particles are umtcd or separated “ These forces, by the very cncum 
stance of their bung polar, may be transferred from point to point For, if we c<mcLi\e \ 
string of particles, and if the positii e force of the first particle be liberated and brouglit into 
action, its negative force must also he set free This negative force neutralises the pnsitne 
force of the next paiticlo, and therefore the negative force of this particle (before employed lu 
neutralising its positive force) is set free This is, in the same way, transferred to tlit ne\t 
particle, and so on And thus we have a jiositivo active force at one extremity of a line of 
particles, corresponding to a negative force at the other extremity , all the intermediate p.irti 
eles reciprocally neutralising earh othei s action ” This view of chemical action reduced to its 
simplest terms is “an axis of jiower, hiving contrary forces exactly equal m opposite direc- 
tions (^cc Jileitroh/sis j Pulanti/) 

ELEdTUOtiCOPE (o-xot^c, to look ) An instrument for observing or detecting the e\is 
tence of free electricity, and in geueirl for Jetcrmiiiing its kmd All elect! oscopcs depend for 
their action on the elementary law of electric forces, that bodies similarly charged rc])el each 
other , bodies dissimilarly charged ittrict The common electric pendulum may bo used a“ an 
electi oscope, but for most purposes it is not sufficiently delicate 

The earliest elei^roacojie, propetlj so-called, consists of a pair of short pieces of straw sua 
pended by means of silk threads When not m use, the pieces of straw hang down toucliiiig 
eafh other On touching them with an clcctiiiied body, they become 0x01161! and stinil apnt, 
and this gives us a test for electncity T he use of the diverging straws is, however, quite 
superseded by the gold leaf clectroscojic which was intioduced by Bennut, 111 1789 

Bennet'a OoltI Ltaf lihdio^ioiip A glass shade, with a wide mouth at the top, is placed on a 
convenient wooden stand 'Hie mouth is closed by a wooden stopper, which can, if neccssir), 
bo taken out and put in igain without tionhle Thiough the centre of the wooden Btiqipir 
passes vertically a tube of glass, gentrall> laimshed with sealing wax or shell lac to improve its 
insulating piopcrties, and a vertical metallic lod is fixed in the centre of the glass tube by me ms 
of silk thread which is rolled round the rod and acts as a packing to keep it in its place 
The lower cud of the rod terminates m a small flat plate, to the sides of winch two narrow sli qis 
of gold leaf ar(‘ attached, and are thus busjiciidud opposite each other I'lie upper end of tin 
metallic rod is furnished either with <i circular hon/ontal plate or with a brass knob A sni ill 
dish of chlondo of caldum 01 of qiiick-limc, ought to be jdaced inside the glass shade, th* iir 
will thus be kcjit dry, and the insulation of the instrument very much improved 

If an electrified body be brought near to the toji of the instrument, induction takes place , 
the tup becomes electi ified opjiositcly to the body presented, and the gold leaves siimluh 
They, both possessing the same kind ot electricity, repel each other, and diverge mine 01 Ii'-s 
in propoitioii to the strength of tin chaigc, and to the nearness of the electrified body 1 
are thus enabled to deti ct the presence of free electricity To examine the nature of the eli ctii 
city, with which a body is charged, wc touch with the finger the top plate of the electroscope 
while it IS under the influence of the electrified body , then removing the finger and canjm^ 
the electrified body away, we find the gold-leaves remain divergent, being peimanentlychai, ad , 
and we know, from the laws of induction, that they (lossess the opposite kind of electiiiity to 
that presented An electrified glass rod, which is positive, and stick of sealing wax, whit li is 
negative, are now successively In ought near to the top plate, one of them will make the Icivcs 
diverge more, and the other will dimmish the divergence For that which contams electricity 
similar to theirs, by induction, increases their charge , and that which contains the oppo‘-ito 
kind, by induction, diminishes their charge Knowing, m this way, the kmd of electrification 
of the gold-leaves, we know also tho kmd of electrification of the body which w e were required 
to test Sometimes the gold-leaf electroscope is furnished with a scale placed behind the gold 
leav'cs, m order to measure the angle of divergence of the leaves, and hence infer the amount 
of chaige Such an orraLgement is, however, of little use Tho electroscope cannot be used a* 
an electrometer 

Tlve Single Gold-Leaf Eleeiroseopc is employed, in some cases, to indicate slight charges A 
metal rod, arranged exactly as in the last, carries a single fine gold leaf, which hangs between 
two vertical plates, either of metal or of gilded wood Two horizontal wures which support 
these plates, pass through the glass shade of the electroscope, and are thus insulated They 
ore terminated by bindiifg screws to which the termmals of a galvanic battery of two or three 
cells, may be attached. One of the plates is thus kept electrified positively, and the other 
negativ ely. If then a charge of any kind be communicated to the gold-leaf, by means of tbs 


top plate, the gold-loaf will tend to move to one or other side, being attracted by one of the 
plates, and repelled by the other 

Volta's CatidmSini/ Jilcctrosci>2'>e consists of a Bennot’s gold leaf electroscope, which h-w the 
lop plate covered with a thin layer of shell lac vamiBh' On the top of this is placed a second 
metallic plate furnished with an insulating handle For fuller dcsciiptioii and use, see Con 

ilCHhCf 

J}ohncnlifr(jer’s Electroscope is excessively delicate It is a condensing electroscope having a 
single gold leaf suspended from the metalhc rod At equal distances from the gold leaf, anil on 
opposite sides of it, are placed the opposite poles of two dry piles which stand vertically within 
the glass shade of the ajiparatus A charge huiug given to the gold leaf, it is attiacti d by one 
of tiic poles and repelled by the other , and the greatest senbitivcness is obtained by the arraiige- 
ineut See, for furthei information, Bdlmmheuju 's Elcrti omitti . 

LLEGTllOSTATICS treats of the phenomena occasioned by clcctiicity at rest , and in 
connection with them of the production and discharge of stationary chaigcs of elcctiicity A 
lirgc portion of that which la generally included under the head electrostatics in consecutive 
ticatises on electricity will, according to the plan of this vvoilc, bo found under the following 
jiiads — Elcrti tcity y Ehctnc Machine, InduHioii, Electrostatic , Dtschaige , Dissipafwn , and 
otliers to bo indicated throughout this article Here we propose to consider the laws of force 
clL]ieii<bng on electricity at rest, and the laws of clcctnc <lisCiil>ution 

tlcitnc Force Tlie general and primary law of electric attraction and repulsion is tint 
siuularly electrified bodies repel one auothci, dissimil irly elcctiihed bodies n^rai t (See Lluti i- 
iiti / ) Tluis a positively electnflcil body repels another piisitively electrified boily, luit attracts 
line neg itively charged From this law also, and from the laws of clectrostatu miluction (7 v ) 
follov s the attiaction of a neutral body by a body charged either positively or m gativclj For 
nckiiowthat if an electrified body be brought near to ono not electnfied, induction takes 
111 1(1 , on the side of the latter nearest to the electrified body, the opposite Idiul of clectneity 
ti) ♦hat possessed by it is developed , and on the remote sulo an cqu il amount of the lik< kind 
Ifi’-' IS we shall see directly, the neaier the bodies the greater the* electiic foice , heiiei tlie 
atti iction du“ to the unlike kinds of clectneity near to each other is greater than the repulsion 
due to the like kmd at the greater distance, and on the whole prcduminatos A siinil ir con- 
sult ration explains attraction taking jilacc between two similarly rfectriiied bodies when brought 
hui iitai to each other 

I 0 tho genius and experimental skill of Coulomb, wc owe the complete investigation, the 
di-,. ivery, ard the statement of tho quintitative laws of clcctnc attr.ietion and rcpuKion 'rho 
(huf anparitus which he employed for his exiicrimoiits 011 the subject was his celebrated 
Toisin } Jialance, a full description of whnb, as modified by Faraday, vwio also used it for the 
p mil' pu"i iise, vail be found in a separate aitiele {Jialancc, Tm szon) It is sufficient for our ja esent 
liurjiosc to state that it consists of a Iiorivontol inn of non condiu ting matci lal, carrying a small 
gilt ball at one end and a counterjioise at the other, and suspended by a very delicate wiie, tlio 
tmsion of which is the force against which the electric forces arc tried Another exactly witiilar 
gilt h.i'l, which we shall call the earner, is capable of being put into a defimto position, and tho 
attraction and repulsion betvvecn these two balls is compared with the aiigh of tomion of tho 
vertical wire The earner ball is charged with eleiArieity and put into its jiroper position, and 
tho othei ball allowed to touch it The elcctiicity fiom the ex ict similonty of the two Tialls 
divides itself ecjually between them, repulsion takes place, and the moveable' ball swings round, 
till it assumes a position such that the torsion of the wire which tends to return it to its former 
place, IS exactly equal to the repulsion at that distance between the two balls The distance 
being then altered, so also is the angle of torsion, and by companng togi ther the distances and 
the forces of torsion, or what is the same thing the forces of repulsion, the law of the latter at 
diff(jpont distances is obtomed To investigate tho laws of attraction the moveable ball is 
chaiged with a certam kind of electncity, and placed at a known distance fnim the jiosition of 
the carrier The earner is now introduced charged with tho opposite kind of electricity, and, 
attraction taking place, the torsion necessary to return the moveable ball to its initial position 
18 determined Tho some experiment being tried for different positions of the moveable ball 
the lav. 18 known To determine in wbat manner the attraction and repulsion depend upon tho 
amount of the charge it is necessary to be able to communicate to tho baHs charges of a given 
magnitude, or at least charges obeying some law Coulomb’s method of doing this was to 
hav e a third ball equal and similar to the other two, and by means of repeated contacts with 
one or both of them, discharging the third ball each time, to subdivide the charges upon them 
to any required extent 

By means of the apparatus and methods just described, Coulomb arrived at the following 
beautifully eunple laws 
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{l ) The force of attraction or repnlsion vanes with the amounts of electnciiy upon the balla 
conjointly 

(2 ) The force of attraction or repulsion varies inversely with the square of the distance 
between the baUs * 

If then we take as unit quantity of electricity, that quantity which attracts or repels an 
equal quantity placed at unit distance with unit force,* we obtain a number which exprcasia 
the ma^mtude of the force of attraction or repulsion by multiplying together the numbers which 
express the quantities of electricity upon the balls and dividing the product by the squaie of 
the distance The two laws are therefore expressed by the following simple formula Let F 
denote the force of attraction or repulsion , let Q, Q' be^e quantities of electricity upon the 
two baUs, and let D be the distance between them , then 

QxQ'. 

and if to the numbers Q, Q', the signs ( + ) and ( — ) be prefixed according as the electricity upon 
the rbspcctivc balls is positive or negative, then the force will be attractive or repulsive, occonl- 
ing as the sign of F is negative or positive 

The mathematical theory of attraction commenced by Coulomb was attacked and largely 
extended by Foisson , but the most complete and general investigations were those of Giecn 
of Nottingham, 1828 These lay unread and nnknoivn tiU after the prmcqial tucorems had 
been re-discovcred J13' M Gbaslea and by Sir William Thomson, both independently , and till 
they were fortunately alter long inquiry brought to light by the latter For information on 
this subject we refer the reader to the papers of Thomson in the Camhnilge and iXiLliii 
Mathematical Journal, republished m the Philosophical Magazine , those of Chasles in the 
Journal do I'Ecole Polytechmque , and to a Treatise on Natural Philosophy, by Thomson and 
Tait 

2 The Diitribuiion of Electricity on the surface of a conductor wo shall now briefly consider 
In the case of a non-conductor, the distribution is necessarily arbitrary, for, the property of a 
non-conductor being that it prevents the motion of dcctiicity over its surface, and throughout 
its muss, (see Conduction, Conductor, Lkctnuly), wherever electricity is placed by any 
means, m the fiirst instance, there it must remmn till it is removed by some external influence 
On a conductor, however, the electricity is free to move from place to place , and since, as we 
have seen, any two hke portious of electricity repel each other, it will readily be understooil, 
that just as water, whose surface is free to move, ariangcs itself according to a definite Uin, 
being influenced by gravitation, so does a quantity of electneity under the influence of the 
forces of its different parts 

A fundamental law of electric distiibution on a conductor is, that the whole of tli> 
electricity resides in an excessively thin layer at the external surface , none whatever beiug 
found throughout the mass or on interior surfaces of the body Vanous experiments show 
this Let a metal globe be suspended by an insulatmg string, and electrified, and let tvvu 
metal hemispherical covers, made to fit it and provided with insulatmg handles, be put over it, 
enclosing it completely, and touching it On removing the covers it will be found that they 
are electrified, the electricity having passed from the metal ball to their surfaces , and, farther, 
not the shghtest trace of electricity can bo discovered on the ball itself Again, if two exactly 
equal spheies be taken, one of them made of sohd metal, and the other of glass, or other imu 
conductmg material, and covered with the finest gold-leaf, and if one be electnh^ and touched 
With the other, *he electricity divides itself between them, and no electrostatic test will distm 
guish between the amount of electricity possessed by the one, and the amount possessed by the 
other , which shows that the capacity of a sphcncal surface of the finest gold-leaf is as great as 
that of a globe of equal diameter, composed of solid metal If an ice-pail be insulated and 
enlarged, and then tested by means of Coulomb's j)roof pUme (q^), which consists of a small di?c 
of metal or gilt paper attached to an msulating handle, it wiU. be found that the electiicity i^) 
on the external surface of the ice pail, and that no indication can be obtamed of the existence 
of ^ectncity on any mtemal pomt Metalhc shells of vanous forms, prorated so as to a Imit 

* In electrical measaiementa the kinetic or absolute unit of force la always mode use of, and It u 
defined os the force which, acting on unit of mass for unit of time, generates nnlt of velocity Unit of vel> 
dty being “ that of a point which describes unit of apace In unit of time," It will be seen that the nnlt of force 
depends only upon the units of space, mass, and tune, which are chosen arbltraTlly The unit of space adopter 
by electnclaus la the centimetre (o 3937 of an Inch) , the unit of mass la the gramme (15 43 gralnsl , and too 
unit of time, the second Thus definitely, unit of force is that force which, acUng for one second on a mw 
of one grunme, generates In 1%8 velocity of one centimetre per second , and unit quantity of electricity Is ms> 
qnanUty which placed at a distance of one centimetre from on equal quantity attracts or repels It with nnlt 
force The number 981 4 esptesam tiie force of gravity In terms of the unit we hove lust explained. 
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the proof-plane or other testing body, are also used instead of the ice-pail, and with the Haino 
result 

From these expenmenta, and many others, which mmht be mentioned did limits permit, we 
croclude that, in the case of a charged conductor, the whole of the electricity is distiibuted in 
Bn extremely thin layer at the surface 

The slightest examination will show that the distribution of electricity at the surf ice of a 
conductor depends upon the form of the surface Thus a cylinder, whose length is considcrahlo 
compared to its diameter, wdl be found to have the greater part of its electncity at the two ends 
and but little in the middle The quantitative detennmation of the distribution of electricity, 
from point to pomt, was undertaken by Coulomb m several cases, and the complete agietnient 
of bis experiments with the theoretical results obtamed by Poisson form the most Ini uitifiil 
confiimation of the accuracy of the experiments, on the one hand, and of the truth of the 
Kiis on which the mathematical theory of electricity is founded, on the other Q’lit follouiiig 
\iss the method which Coulomb made use of The theory of the proof plane shows th it when 
the thm conducting disc is placed upon .a conductor, and then removed, it can les ai\ <iy an 
amount of electricity, which conesponds to what Coulomb calls the electnc dentil if, at tliejjoiiit 
at which it IB apphed , that is, the quantity of electricity , per unit area, at that point In 
fact, the process of applying the proof plane and carrying it awav, is exactly the same as if we 
cxiuld cut out the small portion of the conductor wjfncli covers it, nul cirry it away (See 
Proof Plane ) Coulomb applied tlie proof plane to point after point of the body liew is examin- 
ing, and carrymg it each time to the torsion balanct* determined, by this sjeaiis, the electnc 
density at each A few of the simpler results obtained by hmi are here stated Upon an 
insnlati d sphere, uninfluenced by want of symmetry of bodies external to it (si c hitlin timi), 
i<|U!tl aieas contain equal amounts of electricity at every point Upon an oblate sjdiiroid, or 
egg shaped body, the electncity is found concentrated towards the poles, and removid fiorn the 
eimator The rniount of this concentration depends upon tho relatnc lengths of the axes, 
and, ui the case of a very elongated body, almost all tho electncity will be found at the two 
ends vhde it will be scarcely discoveraUo m the middle Again, m a prolate sphtioid, or 
body uattened at the poles, like an orange, the electnc density will bo greatest at the equator, 
and least at the poles In a general way it may bo stated, that on the parts most remuto fioui 
tlic mass of the body, the electncity is most concentrated 

Tho subject of the distnbution of electncity is beset with difliculties, both to cxpcninentcrs 
and to mathematicians Among tho former are, besides Coulomb, Cavendish and Faraday , 
Mid .jnoijg the latter, Poisson, Green, Chasles, Liouvillc, and Thomson Tho jiajiers of ( 'ou- 
lomb ire jiublished in the Histoire de I’Acadcraic, 17S8 , those of Ifaradav, in his Fxpcnmcntal 
Kesear lies (Transactions of tho Iloyal Society from 1837, and aftciwiriTs rejiublishcd) For 
tho iiiathom^iucal theory, the reader may consult the papers of Thoiusun 111 tho Philosophical 
Magazine, .uid the Cambndge and Dublm Matlicmatical Jonnial 

KJ/hCTltOTYPE By the process of electrotjqiing, a coating of metal is depositeil elcctro- 
chcmically upon a prepared surface, and a copy is thus obtained of such articles as medals, 
coins, seals, &o It is usual to make those copies m cojipcr , other metals can, however, bo 
dejKisited in this manner. If a plate of metal or other conducting substance be attached to tho 
negative or zinc pole of a battery, and a plate of copper to the other, and if both be immersed 
Vrithout touchmg each other m a saturated solution of sulpli.ato of copper, tho cojipcr plate is 
gradually oaten away, and an equivalent quantity of copjier is deposited at the other pole on 
the plate attached to it The current passing through the liquid decomjiosos the Hnlpluitc of 
Copper (see JHUctrdlysis) into copper, which is deiiosited at the negative pole, aiirl Kidjiliion 
(8O4) Avhich 18 set free at the other jpole ITie siilphion then attacks the cojqjei plate which 
forms the electrode The latter is eaten away, and new suljihate of copper is foi-med This is 
till pmiciple on which electrotyping depends 

When a medal or other article is to be copied, a cast of it is generally taken in gutta-percha, 
^ax, fusible metal, or some material which gives a sharp impression of the ongmal, and 

topper Wire is fa.8tened mto this form while it is still soft If it be made of wax or gutta- 
percha the face of it is then carefully brushed over with the finest plumbago till a comph te 
Conducting surface is obtained, care being taken to make communication between the surface 
tails produced and the copper wire The form is then attached to the negative pole of a very 
Weak battery, and the other pole to a plate or a lump of copper, and both are immersed in 
aaiurated solution of sulphate of copper A current of electricity passes, and tho form is 
Boon perceived to bo covered with a thin coating of bright copper , which becomes thicker and 
aicker as the action goes on When the required thickness has been attained the action is 
^pped, and it is ea^ with the pomt of a knife to separate tho copper p^ate from the mould. 
A perfect reverse copy even of the minutest details is found on the side of the copper which 
next the fonn. • 
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It 18 not necessary even to nsc a separate battery in tins process , the plates themselves jig 
now very frequently made to form their own battery The following is the way in which tbs 
IS done To the mould, prepared as Ivjfore, is attached by a sufficiently long wire a plate ef 
sane The mould is put in a vessel containing saturated solution of sulphate of copper, and an 
extra supply of crystals besides , the vine plate is placed in a ]>orous vessel within thi 
vessel, and surrounded with dilute sulphunc acid The sulphuric acid attacks the /me, and 
causes, as will leadily be understood, a deposition of coj>per on the mould The principle yf 
the action is precisely that of the Darnell’s battciy (q v) 

ELEMENTS In astronomy, the quantities whose determination defines tho path of , 
planet or other celestial body, and enables us to compute the place of such body at any pact or 
future cjioch The following tabic contains the elements of the larger planets, and of t'lc 
satellites The elements of the asteroids would occupy more space than can be spared in such v 
work as the present, but the general characteristics of the asteroidal orbits are dealt with uudi r 
the head A'^tcioids 



Symbol 

Distance from the Sun in miles 

Longitude of 
Perihelion 

Annual 

Vanattun 

Longitude of 
ascending 
node 

Annnal 

Viination 

Mean 

Greatest 

i 

Least 

Mercury 

Venus 

liailli 

Mars 

Asteroids 

•Tupittir 

Saturn 

Uraiuia 

Neptune 

b 

9 

6 

<5 

11 

W 

s 

B 

tS? 

y 

35.392.000 
( 36 , Ij4,ooo 

91.430.000 

139.311.000 

475.692.000 
872 137.000 

1 • 753 . 809,000 

2 . 7 ( 5 . 908,000 

1 

28.115.000 
65 682,000 

89.897.000 

126.318.000 

452 . 745.000 

823.301.000 

1.672.177.000 

2.720.806.000 

75® 7' 0 0" 
IMJ 23 56 0 

XOO 21 40 0 

333 1750 5 

II 54 53 I 
90 6 12 0 
168 16 45 0 

17 14 37 3 

+ 581" 
— 3 .14 

+ 11 24 

+ iS 4 <S 

+ 665 

4 - 19 31 
+ 2 28 

46“33' 3 3" 

75 10 4 * 
0000 
48 22 44 8 

98 54 20 5 
112 21 44 0 
73 1414 4 
130 651 6 

— TO 07" 

20 50 

— 25 22 

— 15 90 

— 19 54 

— 

Mean 
I)ut luce 
Eirth s 
as I 

Eccentricity 

Sidereal 
Itcvolnlion 
— la days 

Synodical 
Revolution 
— m days 

Inclination 
of orbit 

Annual 

Variation 

Mean 

daily 

motion 

Mercury 

Volins 

hartli 

Mars 

Asteroids 

Jupiter 

fluturn 

Uranus 

Neptune 

5 
? 

6 

6 

Tl 

h 

¥ 

0 3SI399 

0 

1 oounoo 

I 523691 

5 202798 
9 51^85^ 
19 162639 
30 036970 

0 205618 

0 006833 

0 OlOjyx 

0 093262 

0 0^8239 

0 035996 

0 046^78 

0 008720 

87 9693 
.^*,4 7008 
365 2564 
tSo 9797 

4332 5848 

10759 2198 
■^>6S6 820B 
60126 7200 

115 877 

583 920 

779 936 

29S B67 

378 090 

369 656 

367 488 

7’ o' 8 2" 

3 ®3 30 8 

0000 

1 SI S I 

1 18 40 3 

2 29 28 I 

0 46 29 9 
z 46 59 0 

+ 0 18 
+ 007 

— 0 01 

— 0 23 

— 0 IS 
+ 003 

14732 41/ 
57676'' 
35(8 I’M 
i8b6 518 

299 1 9 
120 4,1 
42 2 M 

21 406 


All the above elements are for the eommencemmt of the year 1850 
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Mass 
Earth s 
os I 

1 

Light received from 


Apparent 
at mean dis- 
tance from 
earth 

In miles 

Larth b 
aa I 

sun 

PonhoUon 

at 

Aphelion 

Sun, 

Mercury, 

Venus, 

Earth, 

Mars, 

Asteroids, 

Jupiter, 

Saturn, 

Uranus, 

Neptune, 

1924 20" 

6 go 

16 9a 

6 46 

37 91 
175a 

a So 

852.908 

3.058 

7.S10 

7.91a 

4,363 

84.846 

70.136 

33.247 

37,276 

1252691 000 
0058 
0855 

1 000 

0 i 63 

1233 205 
6g6 6B5 
74 199 
lOS 575 

315,000 000 

0 065 

0 885 

1 000 

0 ZI8 

300 860 
69 693 
Z2 650 
16 773 

■HM 

10 58 

1 94 

1 034 

0 524 

0 0408 

0 0133 

0 0027 

0 0011 

4 59 

1 91 

0 967 

0 360 

00336 

0 0099 

0 0025 

0 OOlX 


* These distances and alf other elements depending on tho distance of the sun are such as lesnlt 0° 
assumption that the sun's equatorial horizontal parallax is 8 94", and are taken from Mr, Diinkln’s exceueo 
Appendix to Lardner’s Handbook of Astronomy 
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Compression 

Graxlty 
Earth a as i 

Bodies fall in 
ono sei^ond 

Time of dotation 
upon axis 

Inclination 
of eiinator 
to Dibit 

Sun, 


27 107 

436 187 

60711 

48m 

OS 

7*20' 0"^ 

Mercury, 

• 

0432 

6 Q 53 

=4 

S 

s 8 


VeniA, . 

• • 

a 98a 

IS 805 

®3 

21 

IS 


Earth, 

299 90 

z 000 

l6 09s 

23 

56 

4 

23 27 24 

Mara, 

1 

GO 

0387 

6 229 

24 

37 

23 

28 27 0 

Asteroids, 








Tuplter, 

16 G 7 

2 6ir 

42 024 

9 

ss 

26 

3 S30 

Saturn, 

0 41 


18 364 

10 

■»9 

17 

26 43 40 

Uranus, 



11 s 4 

9 

30 



Neptune, 


msM 

12 168 






The vernal equinox of four planets, whose mclination is known, when they are severally in the 
following hehoeentne longitude — 

The earth m longitude, io8“ o' o" Jupiter in longitude, 314“ o' o" 

Mara „ 79 ° * 5 ' o" Saturn „ 167“ 4' 5" 


Elements of the Moon 

Mean distance from the earth in nulea . 

Mean sidereal revolution m days, . . 

Mean synodical revolution in days, . . 

Mean longitude, January lat, i8oi, . . 

^tlean lon^tude of perigee, at same date, 

Mean longitude of ascending node, at aamo date, 

Mean inclination of orbit, . . 

Mean revolution of nodes in dajs, . . 

Mean revolution of apogee in days. 

Mean eeccntncity of orbit, . . > 

Mass (earth’s as l), • . . 

Diameter m miles, .... 

Dtn^if-y (earth’s as l), , . . . 

Density ^that of water as 1), 

Gravity, or weight of one terrestrial pound, . 

Bodies fall in ono socond, m feet, 

Diameter (earth’s as i), . . . 

Inclination of axis, .... 
Maximum evection, .... 
Maximum variation ... 

Maximum annual equation, 

Maximum horizontal parallax. 

Moan houzontal parallax, 

Greatest apparent diameter, ... 

Mean apparent diameter, . . . 

Least apparent diameter, . . . 


238,800 
27 321661 

29 530589 

118“ 17' Sj" 
266° 10' 75' 
>3° 53' 177" 
5° 8' 47 9" 
6793 39 « o 8 o 
3232 575343 
o 054900708 
0011364 
21646 
0556 

3 37 
o (6 
2 6 
o 264 
I* 30' 10 8" 
i" 20' 299" 
35' 420" 
11' 120" 
1“ i' 24 o" 

53' 480" 

33' 31 >" 
31' 70" 

29 21 9" 


Elements op Jopiteh’s Satellites 


■ 


Distance In 

Inclination of 

Diameter 

Mass, that of 

■ 

Kevolutlon 

Badil of 
Jupiter 

orbit to H B 
eiiuator 

Apparent 

In miles 

Jupiter being i 

1 

I 

id i8h 20m 


o'j” 

— 

2352 

0 000017328 

2 

3 13 4 


I 6 


25 J 99 

0 OOOU23235 

3 . 

7 3 43 


53 


3*30 

0 (K3CX18B497 

4 

19 16 32 

26 99 

024 

HI 

2929 

0 000042659 
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Elemfnts of SATunu’s Satellitfs 


No 

Bldereal 

Kevolutlon 

* 

Distance in 
KadU of Tj 

Diameter 
In miles 

Dccentrlclty 

Ducoverer. 


od 

22h 

37m 

3 360 

1000 

0 06S89 

Sir W Herschel.' 


I 

a 

53 

4 31a 



If 


1 

21 

18 

5 IIQ 

Soo 

0 0051 

J D Cassini. 


2 

17 

41 

6 839 

500 

0 02 

If 

5 

4 

12 

25 

9 5 S® 

Z2CO 

0 02269 

M 

6 

IS 

22 

41 

22 145 

3300 

0 029223 

0 Huyghens 

7 

21 

7 

7 

28 


0 115 

W bond and W Laasell 

8 

79 

7 

S 3 

fi 4 339 

z8oo 


J D Cassini 


Elements op Satuiui’s Rings, Janhabt t , 1865 
Longitude of ascending node on ecliptic, 

Inclination, , , 

Exterior diameter of outer ring in nnlc^, • • • 

Interior diameter of outer nng in miles, . . • 

Exterior dianllter of inner nng in miles, . . 

Interior diameter of inner ring in miles. 

Interior diainetcr of daik ring, ... 

lireadth of outer bright nng, .... 

Breadth of division between rings, .... 
Breadth of inner bright ring, .... 

Brcailth of dark nng, .... 

Breadth of system of bright rings, .... 
Breadth of entire system of nngs, .... 
Space between planet and dark nng, . . . 


167“ 43' 29" 
28“ 10' 22" 
166,920 
147,670 
144,310 

109,100 

91,780 

9,625 

1,680 

17,605 

8,660 

28,910 

37,570 

9,760 


These >alues have been dedutod by tbe present wnter from a comparison of the best obseria 
tions and measurements available for tbe purimso, and lie h is made them tho basis of calculations 
respecting tho phenomena of the nng as seen by tho Katnrnians The results of these caleula 
tioiis are embodied m Table XI of “ ,Satum and its System ” Although the above values are 
not to be regarded as rigidly exact, it is probable that they afford a veiy close approximation to 
the true dmieusieus of the ring system 


Elements op Uraneb’ Satellitfs. 


No 

Sidereal 

Revolution 

Distance in 
Radii of ^ 

Maximum 

Elougatiun 

Discoverer 

T 

zd izli zBin 

7 44 

12" 

W Lassell 

2 

4 3 =7 

10 37 

15 

0 Struve 

3 

8 16 55 

17 01 

33 

Sir W Hersebd 

4 - 

ij II 6 

Z2 7 S 

49 

Do 


IVe have no satiofactory elements of other four satelhtcB discovered by Sir W. Herschel, but 
not seen since bis time 


Elements of IfErTCNE’a Satellitb. 


DtKoiercd by W Lasiell. 


Sidereal 

Revolution 

Dhtanre in 

Radii 01 > eptuno 

Maximum 

blongatiou 

5d 2ih 8m 

J2 00 

* 3 " 
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ELEMENTS, MAGNETIC See Magnetic Elements 

ELEMENTS, SPECTRA OE THE When rendered incandescent by the induction spsrk 
or in a Getnaler’a Tube, each element gives a spectrum of the hccond order (Huggins), coiisi^tinr' 
of coloured lines of light separated from each other by dark intervals These spectra arc per 
fectly definite and invariable when produced under similar circumstances , they may therifot^ 
be used as a test for the presence of any element The most complete research on this siibjsit 
13 that of Mr Huggins (see Phil Trans , 1864, page 139). His memoir is accompanied by a 
very elaborate map (See Spectra , Fraunhofer’ a Lines ) 

ELEVATION Tii astronomy, the angular height of a celestial body above the horizon 
The term altitude is more commonly employed, except when the elevation of the pole of tlio 
heavens is referred to 

ELLIPTICAIj polarisation See Circular Polarisation 

ELONGATION (e, from, and /ojiyus, long ) The angular distance of a planet from the 
Bun, or of a satellite from its primal y, viewed from the earth 

EMEIJSION to eincige) TTie rc ajiptarance of any celestial body winch In 

been celijiscd or occulted The tt rni is commonly limited to the rc appearance of a star after 
occult ition by the moon, and to tlio reappearance of Jupiter’s satellites 
EMISSIVE THEORY OF LIGHT See Corjiuscular Tlicoi g of Light 
EMlillY Hee Aluminium 

EMIJLSIN A white friable opaque substance obtained both from sweet and hitter 
almonds, md posjpssing the property of a ferment Under its influence amygdalin is split up 
into hydride of ben/oyl, hydiocyanic acid, and glucose Its composition is not known Jtinul 
BUi IS c.dled synaptasL by some clu mists (See Alnumda, Oil of Jiittcr , Amyf/dalin ) 

ENGKE’S COMET A well knoivii comet of short period, the first of the class ever rcro" 
msed Enckc, who established the iicnodic chaiacter of this body’s motion, also dctcc ted th 
fact that its successive retunis to perihelion arc accelerated hy a short interval of tunc fnui 
which circumstance he was led to conclude that the comet’s motions are retarded ( ind so its 
period shortened) by the resistance of an cthciial mcilium 

ENDIjESS screw a sen w fixed so as to be only capable of rotating about its own a\i', 
and associated with a toothed wheel, tlio axis of which is usu dly perjiondiculai to that of tin 
screw The teeth of the whi cl are set so as just to agree with the obliquity of the thrcids nf 
the screw which, as it rotitos, takes up the teeth one after another, and so makes the ulicil 
revolve about its axis As the tec th never get to the end of the screw, but keep up a c <>n 
stant succession, the term “endless” has been apjilied to the contrivance Where the cuilli'S 
scicw IS tunied by a yinth handle, and acts on a wheel and axle employed to rusc weights liki' 
a windlass, the advantage gamed is cquiil to the pioduct of the separate advantages, (1 ) of the 
lever ( inn <if the winch) and the sf lew, (2 ) of the wheel and axle (See Compound Miuhin(\, 
Wheel and Axle, Screw) The adjustment screws of optical instruments are usually endless 

screws 


ENERGY (^v, within, and epyov, woik ) Inherent power to perform work Tin term 
received its scientific moaning, namely, tin j>owcr of a inaehino or moving bodj' to do vur's 
against some force such as gravity, from l)r Young Energy is of two kinds, kinetic (fi<>in 
KW'TjTos, moving) and potential Kinetic energy is the actual amount of work a moving ho'ly 
IS capable of doing at any instant ilnnng its motion It may be estimated as soon as the ni e-> 
and velocity are known A body of given mass, moving with given velocity, must be* eipahh 
of pcifomiing the same amount of work, whatever the direction of motion, and vvhittvcr tie 
opposing force Let us suppose the direction to be vertical, and consequently the force agaiu t 
which the woik is done to be giavity 'I’he body will rise with gradually decreasino spc^ 1 
until its v'elocity IS spent Now the hught to which a body started with an initial vchiitj 
will rise is found by divitluig the Hquaro of the velocity by twaco the acceleration due to grivity , 
and the height 111 feet multiplied by the weight of the body m pounds will give the iiuiubLi ol 
units of work accumulated in the body at starting Hence the kinetic energy of anionnJ 
body is measured by the product of the weight m pounds by the square of the velocity diviJiI 
by twice the acceleration due to gravity 

When the moving bouv rcaehes the highest point of its course, its kinetic energy is spnit 
The body is not, however, in the same condition as at starting If free to fall to its first j ' * 
tion, it will acquire a kinetic energy exactly equal to that which has been expended in rai"nj 
it Thus the energy of motion has not been lost, but has been converted into an advanta,,' 
position This advantage has been aptly termed by Professor Sir W Thomson Po/eidw^ 
Encrf/y As the kinetic energy of a body dimmishes, its potential eneigy increases, and the 
sum of the t'vo IS therefore constant (See Conservation of Energy ] 

Not only is a body capable of performing work m consequence of its motion, but also hy 
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means of its condition with reijard to heat and light, its electnoal statu, and its molecular aiT inge- 
ment and in the widest sense of the term all these sourees of work are incluited iiiidir the 
term energy , hence there wnll be as many different kinds of energy as thtie ari> kinds of fore e, 
rapablc of performing work Eorccs may be divided into two classes^ those capable of pioduc- 
iiie- perceptible motion, and those which act only between the molecules of the bodi , hi nco 
there are two great divisions of energy, Visiftle Eneigtj and Molecular Enirfji/ To the lust il.iss 
beloni'' the kinetic energy of a body in visible motion, and the potential eneigy of a bnd^ sus- 
iieiideJ in a position fiom wliieh it may he let fall n’here is visible potential energy m a 
wateb newly wound up, in a bent eross bow, and in a head of water To the second illusion 
belong the forms of energy arising from electricity, light, lieat, and chemical attiiin Jt ich of 
these kinds resolves itself into two divisions, one analogous to the kinetic energy of a lunving 
body, and the other to its energy of position For instance, when a cuirent of elee'trieity is 
jix sin^ dong a wire it will deflect a magnetic needle, so that the needle w'lll no loiigci jMiint 
> and S , hut will set itself across the current, and by passing round a bai of soft non, it will 
cinse the bar to become a m igiiet, and piwerfnily to atti ii t pieces of steel or non ni ir it 
The cuiigy of electncity in motion may lie termed aetii il or kinetic When two ilcitiified 
hoiliis lie sus])ended near one anothei they will lepel oi ittract one another acconliiig is they 
lie eliaigdl With like or unlike eleetrieities, heme two such bodies possess an ailvaiitigi with 
n gard to eleetiical separation which maybe torincil poteiiti d eneigy Again, luliint hi-at 
'nil light IS a species of actual energy which passes through spate with an eiionnous m loiity, 
md pioiliiees motion in the molecules of the bodies which intercept it Tlip nn igv u sidling 
fioiii tlic espansion of a body in conseipience of he it is potenti d 'I’lio energy stoii d mi m the 
sulphur, “ dtpetre, and charcoal which foim gunpowder is an cvamjilc of tin putiiitid i uergy 
(I'll to eh' rnieal sepaiation U’he following is therefore a table of the kinds of emrgy — 


Kisme 


I’OTCMIVI 


sihlo Energy 


f Electricity 


Moe enJor Energy, •{ Ileit 

Chemical Action 


Due to visible motion 

Due to electricity in 
moiiun 

Bailiant licit and light, 
ibsorbcd In, it 

Dac to actual clicinical 
actum 


Duo to a ))osition of 
aib antago , 

Due to clci ti II al separation 
nr opposite ekctiiial 
states 

Foteiitial energy of alisorbuil 
ho it 

Due to chcmicil arriiige 
i^cnt 


(See Ti'i«swM*ation of Energy ) 

KNItI\E (p'r engin , from L ingminm) Any roiupound machino composed of different 
parts iiiti nded to apply the pnnciplea of the mechanical poavers (See A'Ciam hnyuxe, Utat- 
Liit/nte, fiui Evi/tne) 

I F (Arabic ) The st.ar e of the constellation Peg vsus 
ENllOSMtiyE {evdov, within, and oicr/aoj, uiijmlsioii ) The passage of a liquid or gas 
through a porous diaphragm inwards (See Osmose ) 

KPALT (STraKTOv, added ) In chronology tins term indicates the date of the first new 
moon of the year Thus if the first new moon occur on J iiiiiuy lo, tlio cjiaet foi the yi u is 
lo As 12 lunar months contain 354 days, or ll shoit of 365, the ipact for the following year 
mil be 10+ II 01 21, unless the jear be bissextile, in winch case the epact will be 22 The 
ipift is now chiefly used for ecclesiastical puipHises 

kl’llI'kMKltfy a di iry ) An astronomical table predicting tlie plane of a 

cclesti ll i>bji 1 1 day after day In the Nauticd Aim iiiae, the ]'’ioiich C’lmnolss nice dis ^1 ’( mps, 
the* Jkiliii Jalirbuch, and the American Nautical Almanac, carefully computed eiihemerides 
of the siiri moon and planets are published three or four years m advance 
EFIPOLIC DISPEllSION tieo FinoicKcnce 
r PS()!N[l’f E yeg Sulphates, Mugnr’Xiu.m 
I PSOM SALTS Eulphatcs, Mnrpituum 

tP(J( Jf atop ) In astronomy, the moment of time to which the clemrnts of a 

planet s orbit are referred 

El^UA^' 10 N In astronomy, any number or quantity that has to he npidu d to the moan 
lalnc of another tmmber or ipiantity to obtain the true value (Sto Ai/uufun/, Ftrsotial, 
tgmUon. of the Centie , Equntton of Tvme ) 

equation of CEATIiE The apparent motion of the sun along the ecliptic is not 
Umtorm, because the earth moves with variable angular velocity round him When the earth 
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la in aphelion, the aun aeema to move most hlowly bccauae the earth is really moving with he 
least angular velocity , and on the contrary, when the earth is in penhehonr the su^ 
appears to move most swiftly The actual daily motion of the sun m the echptic vanes thus 
between the values o“ 57' 1 1 50", and i** i' 9 90" , lus mean, motion being 0“ 59' 58 64" Xow 
supposing that an imaginary sun were to travel uniformly round the edi^itic in the same tunc 
as the real sun, both starting together from the point where the suu is m perihelion, it is ohvitins 
that the real sun would at hist p'l'^s in advance of the imaginary one, but that as they appronched 
the point where the sun is in aphehon, the imiginary sun would gam on the real one, anrl they 
would reach that point togethei , after passing that point the imaginary sun would be in art 
vance, but as they approached their starting point, the real sun would gam on the imaginary 
one and they would reach that point together The app ircnt distance separating the ceutris of 
the two suns is called the Equatwn of the Centre , and lias to be considered in comparing real and 
mean solar time (See Eqiwiion of Tune ) The cquatam of the centre never exceeds i" 55' n 3 

EQUATION OF EQUINOXES The position of the equator on the echptic is continu illy 
shifting backwards (see Precession), but not at a uniform rate A mean rate of motion is thcri 
fore assumed, and the correction duo for the vaiiatiou from uniformity is given in the Nautail 
Abnanac, and other such works, fur every tun days This correction is called the Equation oflhi 
Equinoxes 

EQUATION OF TIME A corruction wlucli has to bo applied to apparent solar time, to 
dctcriuinc mean solar or civil time, md to mean timr to determmo apparent time If the siitt 
travelled uniformly along the ciju itor, mean and appaicnt time would comcidc , as ho traicls 
with variable velocity on the ecliptic, they differ Now as respects his variable velocity, tlic 
reader will see by » reference to Lquation of Centre what its effects are , but so far as they 
influence the coirection for time, a few words must be added Supposing there were no otliir 
correction than tins, and we selected the epoeh of the earth’s penbebon passage as that on wViidi 
true and mean time coincided Tlien we have seen that the suu passes m advance of the ]ihce 
due to lus mean motidu , iiid since it is tlie suii’s motion m the echptic which causes tlio wilar 
day to exceed the sidereal day {for this nwitiou takes place iii a ilirection contnry to tint of the 
diumal rotation), we see tliat the faster tlio sun iiioves, the longer the true sol ir day hoei.imt , 
and that so long as the sun is in adv inec of his mean place lie cornea later to the ineriJnn, bu 
that when the true sun shows noon it is rc'ally past noon Hence until the earth la lu aplielifm 
the corrc'ction on ajiparcnt time is adUitnc It is e<]ually clciir that while the earth is moviiu' 
from ajihclion to peiihclion, the correction on apparent time is suhlractive Thus so far as the 
Bun’s vanahlo motion lu the rchptie is e<mcecue<l, we liaie, from the beginning of J inuiry to 
the bcgiimiiig of July, an additive correction, and through the rest of the year a suhtraetiic 
correction Next, as to tlio sun’s ohliipie motion Supposing that in this case, for conitniLiiec, wi 
regard the axipaieut and moan time as comeideiit wlieii the huii is at the solstices and cqiiiiiuw' 
Then stiirting from the wintei solstice, wo see thit the tiuc sun posses m ndvanee of tlic nn-an 
oun in rjg'ht ascension, because he is tiaveUing atliwait the circles of decimation wIktc they 
arc rearei together than on the eipiator , but as he nears the equator he travels more slow I / 
than the mean suu in right aseeiisioii, because he travils athwart the circles of dceliii itn'u 
obliquely and whore they are nearly as fai apart as on the equator On the equator the tnie 
and mean smi come together Thence to the simuriei solstice the true sun is behind the m< an 


Bun , thence to the autumnal equinox in .advance , and thence to his storting place, at the win 
ter solstice, behind Thus we get — From the winter solstice to the vernal equinox, an ailditO'- 
equation, thence to the Bunmier solstice isubtiactnc oue , thence to the autumnal equiin'i 
an additive one , and finolly, thence to the wmter solstice, a subtractive one 

Combmmg thia result with the former, eolhng the correction due to the Hiin’s vanahlu 
velocity A, and that due to his oblique course II, and supposing for the moment that the earth 
M HI penhehoii at the winter solstice (which is not fai from the truth), wo get from the wiutir 
Bolsticc to the vernal equinox A and B, both odditiic, A passing from o to its maxiinum, b 
from O through its maximum to o .igam , thence to the summer solstice A is additive, b 
Bubtractive, A passing from its maximum to o, B fri'in o through its maximum subtractive 
value to o again , thence to the autumnal cqmnox A is subtractive and B additive, A passing 
from o to its maximum, B from o through its maximum additive value to O again , and lastlVi 
thence to the vernal equinox, A and B aie both eubtiactiie, A passing from its maximum 
o, and B from o through its maximum to o ugam Aceonling to this arrangement, we shoulu 
have the wmter solstice and the summer solstice* at two epochs when the equation of tune was 
nil, and the equation would also vamsh m the course of sprmg and cAunmer, through the equalitV 
and contrary character of A and B As a matter of fact, owing to the uon-comeidcnco of tbe 
earth's perihelion witb the winter solstice, there is not this simple relation Somewhsr® 
bptyteen the wmter solstice and the date of the earlh’s penheliou passage, the equation of tun^ 
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IS nil, tins happens on or about Christmas-day , and the equation aj^ain vanishes on or about 
June i6th , the equation vanishes also on or about April i6 and September ist The four 
ma'uma are unequal , their character and amount are as follows — On February i ith an addi- 
ti\e maximum equation of 14™ 31' , on May 14, a subtractive maximum equation of 3’" 53* , 
on July 16 an additive maximum equation of 6“ 13' , and lastly, on November 3, a subtrac- 
tive maximum equation of about 16" 19* , the absolute maximum for the year 
EQUA'''I0N, PEESONAL In astronomy, a correction applied to time intervals depend- 
ing oil observations made by different iiersons In noting the occurrence of a given astronoiiiieal 
event, different observers will make errors wbich differ m character or extent Ono observer 
will record the event too soon, another too late, or the average error made by two observers, 
both of whom anticipate the event, or fail to record it in time, will be found to be different 
Now when it is possible, by comparing a long sciies of observations maile by two astioiiomers, 
to d(. termine the average (lillorence betwee n the errors likely to be made by each, it becomes 
possible to m ike an important correction of time inttrv als ilcpi ndmg on their combined observa- 
tions Thus supjjose A records an t\ i nt as liaving happened at a cortam tunc, while J3 records 
nother event as having happened 10 minutes later Now if we know that in recording the 
saire event, A would anticipate E by i second, we conclude that if cither A 01 E liail observed 
both events, the time interval would liive Ixenq" 59", lustiadof 10'", whether A or E be 
the moie exact observer This then is the estimated inttrval between the occiini nee of the 
two events, and l" is the relntiw jrfisoiidl between the two obsevvers When we have 

tlu' meins of leaniing what actual erior in observer is likely to make, we c Ri also apply to his 
observations a correction equivalent to this error This correction would bo his <thsol>iU i^aso- 
,ial ipi thii/i 

J (>L VTOE, CELESTIAL equal ) In astronomy the great circle on the heavens 

vvhicli lias for poles the mtorsection of tlu earth’s axis of rotitum with the celestial siihero 
\V I ell ilic sun is on the eqiivtor the day is equal to the night for all places on the c irth’s eur- 
fui Hi lice the name of this great circle Eight asi t iision is measured along the equator 
in I the first point of Aries Dcclin vtion is measured from the equator along decliiiatiiui circles, 
citlur tow Ill's the north or south pole I’he equator is sometimes called the viuumiml 
J.ljlJATUElAL In astronomy, a term applied to a telescope which has its fixed axis 
dfrei tc I to the pole of the heavens, so that the telebcopo may bo made to follow a star by a 
snvdi motion 

t VTOEIAL HOET/ONTAL SOLAK PAEALLAX Parallax 
1 b'CATOE, MAGNETIC A line wlnih pretty nearly coincides with the geographical 
equator, and at every point of which the vertical component of tho carih’s magnetic atti,iction 
II 71 ro -that IS to s<iy, a dipping needle earned along it remains buruoutol It is hence called 
the A<hd,i L /!/’ (Kco ) 

JvQlJATUE, TEEREHTETAL Tho great circle on tlio earth which is at light angles 
to the jiolar axis, and so divides tho caith into two hemispheres— tho northern and the 
boiithcrii 

LQL'ILATEEAL prism (yFi/KHj, equal, and lalvB, a side) A prism, tho seetion of 
which, perpendicularly to its axis, is an equilateral triangle I'liis form and the isosceles prism 
are those usually employed to effect the prismatic decomposition of h'.'ht 

liQL'IIjlEEIHM (From ccquui, cijual, and Ultra, a balance ) The state of rest of a point 
or boily acted on by a system of mutually counteracting forces Auy rilation between the 
forces which can only exist when there is eqailibnnm, and which must exist in order that there 
may be cquilibniim, is termed the condition of equilibrium The condition that two forces 
acting on a particle shall keep it at rest, is that the forces be equal and opjiositc The condi- 
tion of equilibrium for three forces may be expressed in various ways — The resultant of any 
two of the forces must be equal and ojiposite to the third , if a triangle be formul by lines 
I'arallel to the directions of the forces, the sides wiU be propoitional to tlie forces When any 
stein of foicts m one plane acts on a point at rest, if the forces be resolved into two sets in 
directions at right angles to one another, the forces acting in either direction must he an cquili- 
hriuin amongst themselves When the forces are not m the same plane, the same condition 
holds, with regard to three directions, at right angles to one another When the forces are 
]>ardllel, and 111 one plane, m order that there may be equilibnum, the sum of tho moments of 
the forces about any point in their plane must be zero When the forces act on a rigid body, 
there are usually two conditions of equihbrium, the one being the condition that the body shall 
not have a motion of translation, and the other that it shall not have a motion of rotation, 
■t or example, the conditions of equilibrium of a lever are — hrst, that the fulcrum shall be strong 
enough to bear the pressure upon it , and, secondly, that tJiere shall be no tendency in the lever 
to turn about the fulcrum , hence the resistance of the fulcrum must be equal to the sum of tho 
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power and weight, and the moment of the power about the fnlemm must be ccpial to thu 
moment of the weight When a body la suHjiendcd from a point, the resistanoo of tlio point 
must be equal to the weight of the body, -and the vertical tliiough the point must contain the 
centre of gravity of the body The sainu two conditions hold when a body rests on a ]iouit If 
a boily itst on more than one point in the same plane, the icsistances at these points wilt 
parallel foices, and will therefore lu ve a smgle resultant paiallel to tlicm The diu ction of 
tins resultant will lie withm the brise formed by the points, henee a condition of etfuilibiimn h 
that the veitical through the centre of gnvity of the body must f ill within the base 

The foiee lequired to move a body may vaiy with the position of the body Let a prism 
rest on a lionzoiilal plane, and let it be turned about one edge The centre of gravity will 
desciibe i eiK le, and the foice' i< qiined to move the piisin will decrease as the centre of giavitv 
ascends , iii other words, the stability of the body decreases as the eeiitie of gravity risi s Win n 
the ei litre of Hiavity iniv'^es at a position viitieally over the edge, the body reaches the limit ot 
Btability Till eiiuilibiiuia is m lUiematit ally possible in this position, but tin slightest forn 
would destiny it, and when slightly distuilieil the body would f ill away from the iiositioii 

WJieii a boilj in eqiiilibiiimi viould return to its original position, if slightly displ i nl the 
oquihbiium IS said to lie stuhh , wlicti the body wo ild fall away from its hrst jiosition it slightly 
dis]il III il the equilibnuiu is said to be uit't/dUt , when theie la neither a teudeni y to n tuin to, 
nor to fill aw ly from the Inst position, the eipubbiium is nt'iliitl There is ei|uihliiiuiii oiilv 
when tlic eciitio of gravity occupies the highest oi lowest possible {lositioii, and the equilibniiiii 
IS stilile 111 the hi‘<, anil unstable m the second In the cise of ncutial eqiii’iluiiini, is, fm 
inst iiiee, when a sphere rests on a hoii/outal pi me, the centre of giavity is neither laised in i 
lowtied by moving the body 

JCtili INOt'TlAli See /.//tiato}, CdcoUnl, and hquinox 

I’KiUlNOllTlAL I’OlA'l'S 'I'he points m which tho eclqitic intersects the ctkstnl 
equator The iiouit m whuh the eeliptu ]»issis to the north of the equator eoriespomls to tin 
vernal equinov (see iiy mini r), and is idled tin /f/ sf «/ -dnrs The jioiiit m wliiilithi 
eehptie ]iisscs to the south of the equ itoi corresponds to the autumn il ei|uinov, and is i illi d 
tliLjn si jtiiiiU of Liliia Owing to pii i ession, ill equinoctial points shift retiogicssuily ilmig 
the eeliplie ho tint, foi t \ iinple, the Inst point of Aries now falls witlini the consti 11 
Pisces, the lust point of Libia withiii the euuatellatioii Virgo A complete revolution i 

effii Lc d III b6<S VO >rs 

Et^l ' LN<)< JTJAL T1*MK Time in ly somctiinos he conveuicntly referred to the p iS' igi ot 
the fiLst point of aViles aeiosS the equinox 'I'lus is e,illed iiiuiiwcliul tune, to distinguish it 
fiom fill III I NIK • 

Et^lllNtlX equal , ind Hor, iiiglit ) 'I'ho pi nod when the sun erossi s the (dis 

tl ll i qii itoi Ills ji iss ige from houtli to north of the equ itor which occurs on about the 21 -t 
of Miiich, niaiks the peiiod of thu it i ii iff a/ in nor , liis pissage from north to sontli ot tlii 
equitoi, whieh oecuis on ibout the 23rd of Sejiteuibi i, iiniks thi period of thxs 'niliiinn'it 70 
nox Owing to the elliptiiity of the < iitli’s mbit, the interval bi tweeii the vein il -ind the iii \t 
autumn ll eqi inox is nearly eight (bays greatei thin the interval between the autumn il md tin 
next veni ll iqinnox , for tho eaitli passes her perihehou 111 mid vviiiter, iiid thin iiiovi s must 
swiftly 111 hei oibit, where IS 111 mid-summei she pisses her ,iphelioii, and moves most slowh 
It IS iieeess iiy to remark that fm the southern hemisphere the vernal and autumnal equuioV' 
aie iiiteiili ingid , and the soutliein snimner is, of course, shorter tliail the southern wiiitii 
FC^Jl/LiEUS (Tlie Little Jim sr ) One of Ptolemy’s noidiheiu eonstcllatioiis It lu -• il"'i 
by I )el()himis, and is equally insigniheant 

ElllilUM A very rare metallic element .icu)mp.anyiiig Yttnum and Terbium , no iiiitlu d 
of sepal itiiig them accurately IB known Its s,\lts appeal to he colourless, and to iivstdli'i 
well, but their properties are almost unknown Symbol Er The atomic weight h is not 
been determined Accoiding to Bunsen, the oxide Lrtna when ignited m a spirit limp gm ' ^ 
spectrum consisting of luniiiious bauds ^Ir llnggms has recently shown that some other eaitlis 
possess this property Chem Neioa Oct yth, 1 S 70 

EltECTING EYEP1E(->E This form of eyepiece is generally used for terrestrial teli 
scopes, and is seldom employed for microscopes or astronomical telescopes It consists <>f ui 
ordinary negative eyepiece in front of which two lenses are placed which erect the luvertnl 
image formed by the object glass, the negative eyc-picce then enables the observer to view tliw 
erect image (See Eye-picec, and 2’descopc ) , 

ERIOMETEB {epiov, fibre, /icrpov, a measure ) An instrument proposed by Hr Youn? 
for measuring the diamet^irs of mmute particles and fibres , it depends upon the diffi i« 
frm^es formed by the object to be measured As these fringes increase with the size of the 
object it is not difficult to form a scale cf measurement baaed on this pim^iple (See Frinya ) 
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ERIDANUS One of Ptolemy’s southern constellationa It ranpos over a ^icat extent of 
sky, following a wiiKUng course fiom tlie preceiliug foot of Oiion, pist the pau of (’ttus, 
towaztls the keel of Argo The pnucipal star of constellation, the biilliaiit Aohoiuar, is 
> ot ' isible in our latitudes 

ERRAI (Arabic) The star t- of the constellation Cephciis 

Ei 6UAPEME!NT In horology, the name given to that part of the mechanism by iihich tbc 
ciiculai motion of the wheels la converted into a vibratoiy motion (See //ojtifoyy ) TIicic 
,ifc several common forms of escapement 

Ihe dnltk or ancliui escapement was invented m iCSo by Clement, a London watchmakci, 
and lUkS feieatly improved by Giaham about the year 1700 Tlic pcudiilum is ittaclicil to a 
doublt hook tcimcd a clutch or anchor, which faUa hetvvccii the teeth of the csoai)ciiient nliccl, 
and tiji’ii iiutjjts from it once m cnli oscill ition The cscxpoiiieiit ivJici 1 lias teeth bent in the 
cliiLctioii opposite to that 111 which it is to move , forms pait of tho cluck woik, .uidisiiiovi dby 
the weight or spring It revolves, however, with .1 motion wliitli is not contmuoiis, as would 
be the c\ao if the anchor (lid not nitcivcne, but IS stopped alti iiiatcly by one sjmr ot jialltt of 
llic anchor, and then by the other As tlie tunc of oscillitioii of the aiichoi doiHiids on the 
length of the pendulum, the littci logulates the motion of the t"-! ipi nu iit w hu 1, ami hy its 
me ins the motion of tho other p iits The umtioii of tin esc iiu iiiciit whoi I coiitiinies only for 
the shoit iiitciv il diiimt, winch tlic tooth of the wheel sinks <>\( t tin [i ilh t of tin am hot, md 
the wheel la still or (lead during the rein uiidci of the oeeilliliou On this aee‘oiiiit*tlii' anchor 
c-'caiiemoiit is sometimes tenues I tim (find 6(((t cseipeirient 'L’he tiitiil esiipinuiit consists of 
two bpuis or pallets, which project fioiii the biliine wheel of a \v itch, at light angles to cieh 
1 ihi ••,( no acting at tho toji iiid tho other at the bottom ot tbc tseapeniint wliiil These 
I dll K eng igo alteinat dy m the teeth of the esc ipement wheel cv.ictly in tho s ime inainn i as 
ilu p i lets of the anchor 

'J'In iiiJnul ucd cscaiicment is used m veiy fl it watchc's Tlic jiilli ts aio rcjil iced hy nob lies 
iiMhe ixes of the halanee-whecl, which is foiuied into i stiiii ( \ liiider As tin h il iiii 1 vilieel 
■ ' lites the semiejluidei turns upon its axis viid iiitiiposos itself altematdj on tin nglit and 
on till left between the tt eth of tho eacapeiueut wheel, letting them oae ipo in a iniunei exactly 
Sill'll 11 to tint ot the anchor 

'ilie ilii/tlix eaeiiiemeiit consists of an osevjiement wheed xvith two sits of te'cth jivit ihnng of 
til (hiraeters of a siiui and a erow'ii win el and XU impulse ( law or p diet The spin teeth vre 
ill tl oie of tho oichiiary escapement wheel, and the eiowii tc'tth piojeet fioni the fin 'Plie' 
]i I 1 1 falls sucoesaivoly between tho eiown Ueth, and receives fiom thorn as they esiapo an inis 
iml'( w Inch keeps up tlio motion of the balance wheel » 

T'le (fitne/icd or ki Cl eseapeineut is now inueh usod m English pocket watches Tt ((insists 
of >11 a' ( nor attaihed to a level foiktd 01 notclud at one end A pm iltaelii d to tho nn/i or 
ixle of tin balance enteis the notch at eieli vibration, nrst moving oil the aiiehoi and then re- 
ceiving in iinpi'lsc vvhish rcstor( s tho foil ( lost Thokvei is ilutached fiom the balance exeej't 
for 111 jiist lilt it the middle of e veil oseilLitiuii (>Sto Jlij»olu'/if ) 

1 J'SENTIAL OILS See Ud 

E'l AA lA" (Arabic ) ILo st 11 y of tho constell ilioii Draco Tt is mt( resting ,is being the 
Bt ir hy the uhnoivation of which Ei.xellcy was led to the diseoveiy of the aheiiatiuu of the fixed 
btars 

ETESIAN WINDS The heat of Sahiiaiu auinimreiusrseoul in from tho Mediteiranenn 
to flow southwards Tho vvini’s thus aiising aie called Etesian vviinls 

ETHER A very mobile colourless Injuid, Laving a peeiihar fiesh odour and Iniiiiing Eisto. 
Kpeeifie giavit>, o 723 Boiling point, 355” U (c;6' E) Eoiimila, (^TljnO Tt is very iii- 
flainniabk, ami the vapour fmnis an explosivo mixture with an It dissolu s sliglitly in water 
In its eheiiiieal relations ether is considered to bo the oxide of the 1 idie d dbll,), eoinmon 
alcohol 111 mg the f(//(Zj«<C(Z oxuk Ether is the sc'eond teim of a si rin of liomologoua 

Dodns of which methylie ether (CjlLjO), is the Inst (See Ahohuh, IfnmuliK/iiii'i HuljHtanLCt ) 

ETH Eli, LUMINIFEROUS (Ai^w, to light up , aiOifp, ether ) ’J'ho im dium whose vibrar 
tions are suppoacd to cause hght It is beheved to petvado all epaee, and to be imponderable 
and infinitely elaatic (See Vndidatory Thcon/ of Lvjht ) 

ETHYL A oolourlefas gas Specific gravity, 2046 At 38" F ( 3 T’,p^)> ** assumes the 
liquid form, under a pressure of 2I atmospheres Boding point about — (j 4° F (- 23° 0 ) The 
gas bums with a highly luminous flame 
EUCHLORINE See Cfdonne 

eudiometer (ivSiot, fine, clear, of air , and pArpov, a measure), is an instrument for 
examinmg the composition of gases , onginaDy for testing the jiunty of air by ascertaining the 
quantity of oxygen it contains. There are several forms'bf eudiometer , the most eouveuent is 
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perhaps a straight graduated glass tube cIosmI at the top, and having two platinum wires 
hermetically sealed into its sides, and projecting into the interior, so as nearly to touch each 
other , or a U tube, one of whose legs is .closed, graduated and furnished with platinum wires 
in the way we have just dtjSciibcd 

The method of examining a mixtuic of gases with this instrument will readily be understood 
from the following descnption — Suppose a sjiccimcn of common air is to bo analysed, a certiiu 
volume is mtnxluced into the cudioi i ter, standing over mercury in the usual way, for cullectin™ 
gases, and the amount carefully noted by means of the graduations of the tube To detenmne 
the carbonic acid gas present a small cjuantity of very strong solution of caustic pot isb is then 
thrown up into the tube, and by moving it np and down, wliile the mouth of it is always care 
fully kej>t beneath the surface of the mercury, the caibonic acid gas is caused to combine with 
the caustic potash, and to be absorbed into the liquid, thus giving nse to a diminution of tlu> 
volume of the gas, which is noted If there be other impurities they are determined by ineius 
of suitable absorbents The oxygen mvythcn bo absoibed by means of alkaline solution of 
pyrogallic acid (q i ), and the mti og‘ n found by dilference , but we prefei to describe the follow 
mg method of ascertaining its qu intity in order to illustrate one of the uses of the cudioim'tLr 
Supposmg that there is nothing left but a volume of oxygen and nitrogen, and that it is leipurLd 
to find the amount of oxygen m the mixture, a quantity of pure hydrogen is arlded, wluiic 
volume IS at least twice that of the oxygen contained in the mixture, and the amount is cue- 
fully noted An electric spark is tlan < aiised to pass between the platinum wires, which we 
have described as sealed into the tube, and on its pass igo the oxygen and hydrogen combine 
(see £lettio-C/ieimslry) to form water In order topieviiit a loss of g<is when the explosion taki s 
place, the lower end of the eudiometer in depn ssi d while the «p irk passes a few im lies below the 
level of the mercury if the stiaight tube lie used, and care is always taken m filling the tiilii 
to leave a space of at least an inelv at the liottora occuiuoil by a column of incrcnry If tliu 
bent eudiometer is employed, the ojicnend is clo-ixlvvitli the thumb, the liendof the tube being 
filled with mercury As soon as tin tube is cool, the water, which is formed as ste ini, ron 
denses, and the volume of tlio gas that hvs disippeared in the form of watoi is carefully 
noted, the projier coireeti oils for tempuature md jnossnic being made But we know tint 
oxygen and hydrogen coinhine togetliei to fomi water lu the jiroportions of two volumes of 
hydrogen to one of oxygen, and honco one-tlurd of the gas that has disappeared is oxjge'ii 
Subtracting tins volume from the volume of the mixtuic of oxygen and nitrogen detit 
mmed before the addition of tho hydrogen, the ongiiial volume of nitrogen is known In 
on analysis tho results obt lined are then lednced to percentage volumes 

EVAPORATION ^{Etapara, to dixjierse in vapour) Evaporation signifies the fortuv 
tion of vapour at the surface of a liquid, m eontradistiuction to ebullition, which siginnes tlu 
formation of vapour witlim the mass of a lupiid Ev iporation takes place from every exi)0‘-ed 
hqiiid surface and at all temperatures , it ViUies with the area of the surface exjinscd >aud with 
the temperature of the surrounding space It was once imagined that tho air itself indue ^d 
evaporation in virtue of its attr<ietion for the vapour, but this is well knowoi to be false, lieu mse 
evajioratinn takes place in a vacuum far more freely tluin in air It also takes place mmi' 
readily in the presence of diy air, and of air m motion, than in that of moist air and of an at 
rest Moist lur is already more or less saturated with vapour, and, when quite satin itid, 
evapo^tion ceases , now the air immediately above a liquid, so long as it is at rest, is s iterated 
with vapour, but if the air be in motion, unsatnrated portions arc constantly brought in contaet 
With the surface, and the evaporation is thus promoted The influence of temperature on ev v 
poration scarcely needs any illustration As heat is the cause of evaporation, it is obvious that 
tho higher the temperature, other things licing c<jual, tho greater will be the evaporation , and 
we have numberless examples of this around us We know how soon the e<arth becomes 
parched in summer, and how rapidly streamlets and small lakes dry up in warm w eather Tho 
mfluence of extent of surface is also obvious, for, since evajjoration takes place only from the 
surface of a liquid, the greater tho surface the greater must be the evaporation If we take a 
tumbler of water and place it in the sun, side by side wiih the same amount of water in a flat 
dish, the difference m the e’/aporation will soon bo apparent Salt was formerly procured by 
the evaporation of seawater in shallow "salt pans” of very large area Evaporation takes 
place more readily in a vacuum than in air on account of the reduced pressure, because pressure 
of necessity tends to keep the molecules of the hquid together, and when that pressure is 
removed, the molecules can more readily assume the gaseous condition If a drop of a volatile 
hqmd be passed up into the Torncelhan vacuum, it instantly assumes the vaporous condition Tlie 
influence of pressure on tljp boihng point is discussed in detail in the article Ebullition When 
a hquid IS evaporated simultaneously in a vacuum, and in the presence of a substance hke siil- 
pbunc aud olr chloride of calcium, which has a great attraction for moisture, ^the evaporation is 
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very rapwl The influence of air in motion os a promoter of evaporation can lie shown by many 
means Thus, the action of a fan la to increase the evaporation fioin the skin ind so to pro 
iluce cold , so, also, if we moisten the face and then fan ourselves, we ptrccii e a consi Jti ililo 
I lulling, and if ether is poured upon tho hand and air blown iijion it tlfe cold is iiitLiisc 

The production of gas or vapour (and we may here lematk that tho term yrfs is u-'iially 
applied to substances in the gaseous condition which are far romovod from their points of c on- 
(leuhation, wlnlc the term i npour is applied to gases which normally exist in tho Inpiid condition!, 
IS alw lys and of necessity accompanied by tlie production of cold — that is, bj the withdi.iwal 
of heat, for cold la not an entity A gas or vapour is a li<piiil pii/s heat, and in the p is‘- ige 
from the liipiid to the gaseous condition a (quantity of heat is rendered latent (see /,rtb nt I/ait), 
w hich reappears on the liquef iction of the gas or vapour Water and other liquids may be 
frozen by their own evaporation, as was first shown by Leslie In older to effeit this, he 
placed a small vessel conlaimiig water immediately over a dish full of concentrated Hiilplnuie 
-Rul , this was put under the receiver of an air pump, which w is exhaustid, the eonscqncnci 
was tbit the water evaporated rapidly, and the vapour was absoibed by tho siilpliurie add 
until the water had been so cooled by the withdrawal of the he it iiec tssary for its v ipour th.it 
it frnxe We have another example of the freenng of watti by its own eiapoialion m Dr 
Wollaston’s C’l i/opAorus (which see) Extreme di gin s of cidd may be piodiieed by the eva]>o- 
ritioiiof sery volatile liquids, such as wo have in the liquctiod gasis Thus niorniry ni ly bo 
iro/tn by the evaporation of liquid aulplmroiw acid, end the most intense dcgiee of cold with 
which we are acquainted is produced by tho evapoiation of a mixture of liquid nitioiis oxido 
with bisiiliiUide of carbon in a vacuum 

Till el istic foice of a vapour depends on the tcmpcratuic, and is guater as the tc'inpi'i atiirc 
Is Inglii'i The following law relating to this result was iliseoicred by Diiltnn —In a v iciiiini 
tin el i, oration of a liquid contimies until the vapour has attained a di liiiite elastic foice, 
wJiiih IS deperdent on the temperature, hence, in a space devoid of air and satuiati d with 
I qioiir, a ctefinito pressure corresponds to a defmite ti>mpcrature lu the following tiblis, 
son hat condensed from Lardncr’a “Natural Philosophy,” the relition between the tempi r<i- 
''iii, (iiesbuic, volume, and meehauical cilcct of aiiueous vapour are shown at vaiious tuiupera- 
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2073 
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When the pressurea are conaidcrablc they arc gi\cn in atmosphoica, the pressure of o 
atmosphere being equal to that of thirty inches of mercury 


Table showing the Tempfuatuee, Volomp, and Density op Aqueous Vapoue, at 
Pkessuhes VAUYiNa fbosi One to Eifty ATMOariiEiiES 


PresauTB In 
Atmospheres 

TemporitiiTe 
h ahreiihut 

Volnnie of vA^oiir 
proihiced by unit 
of \ oluiiio of 
waLtr 

Penalty of vapour 
(Density of water 

-i) 

X 

212 00 

i{v}C> no 

0 0003893 

fi 

250 12 

S97 <.>0 

0 00X1X47 

3 

27s jS 

619 19 

0 0016151 

4 

29J 72 

470 26 

0 OO-.O997 

5 

3«7 s'} 

388 16 

0 0025763 

G 

320 36 

328 93 

0 0030)02 

1 

311 70 

jbo 12 

0 003491 I 

8 

34 1 73 

=^9 

0 00 3941 ♦ 

9 

)sr> ?“} 

''-7 y 3 

0 oo4-3bf)5 

10 


Z07 3(5 

0 0048226 

• 11 

366 ?o 

I 9 U »7 

0 0052557 

12 

374 r"! 

175 ijG 

0 0056834 

13 


tC-, 74. 

0 006107 

14 

386 <;0 

I , { TO 

0 006527 

is 

JO • i)o 

141 <» 

0 006.944 

16 

3 <}S 48 

Til '>0 

0 007359 

17 

404 88 

j.. 71 

0 oo77(>9 

18 

40S (y3 

I2> *3 

0 ooJ 1 78 

19 

413 78 

Jifi 51 

0 008583 

20 

418 46 

111 .8 

0 t)o8yb6 

sr 

42 ’* <i 6 

•o'"’ 53 

0 ooy 187 

S 2 

4:7 -8 

102 19 

0 o<'j978s 


431 4 ^ 

<)3 21 

0 OTolSs 

24 

435 S <5 

94 5 <^ 

0 010^75 

=5 

4.9 .> 

91 17 

0 0109O8 

30 

457 

77 50 

0 012903 

o 5 

47-’ f >4 

Ob 20 

0 014663 


50 

60 08 

0 016644 

ft 

499 le 

54 oG 

0 018497 

50 

510 63 

49 31 

0 020 jq 6 


A tertun amount of vapour is produced fiom watc-i at very low tcmperaturei. , thus, pt lIii. 
frcL/iii^ point., the tension of aipiums v.apoui is sufliLieiit to depress tlie baromeliic olimiii 
one fifth of an inch , and m' at a tempciaturc of — 4“ F ( — 20’ (J ) eimts aqueous vapimi ot 
biiffuniit tension to depress the column of luciciiiy one tn entieth of on inch 

A \ iponi, if it be pioduced from colouiless hquid, is colourless and transpircnt, like an , if. 
on the othci hand, it is pioduced from a colouicd hquid, such as bromine, it possesses the s im. 
(oloiii, hut IS peifectly tiansijarent Vapouis aie elastic, and various means have been dcii-'L - 1 
foi shoaiug their elasticity When a volatile liquid is passed up mto the Toincelhall vapi n . 
it nil ined I itely becomes va])Our, and the column of lueicuiy is depressed The estent of tie 
dcpiLssiuu measures the voLitility of the liquid When a certain amount of liquid h ts been 
iiitioduced, we iiutiee that it is no longer convcited into vapour, but it floats on the suifice I'l 
the muieuiy Evapor.ition has uow ce ised, because tlic vacuous space is aatutaUd with \apuin, 
and the clastic force of the vapour is at a maximum 

A second law of considerable iiiiportancu as regards evaporation was discovered by Dilteii 
Ee found that a liquid evaporates to the same extent in a space filled with air as 111 a \ acuuin, 
and that the same relationship exists between the temperature and the elastic fuieu of tbc 
vapour, whether the space contains air or not A liquid evaporates far more slowly in a spate 
containing air (or gas of any kind which does not act upon it) than m a vacuum, but the 
ultimate result is the same 

See also Letdenfi oat’s Experiment 

EVECTION A lunar inequahty (See Lunar Theory ) ‘ 

EVENING STAR The name given to the planet Venus when she sets after the sun 
She IS then approaching iiftenor conjunction and increasing m apparent diameter 
■ EXCHANGES, LAW OF The law that the relation between the amount of heat emitted 
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j,ud that ttliidi IS absorbed at any rj»m tempetatuic remains constant fw alt bodies , lud that 
the giexter the amount of heat emitted the greater must bo the amount of heat absoihcd Tins 
was pt^rlially enunciated by Prc\ost and by Pievosta/\o and Dessams, and c\tciuhd by])r 
Balfour Steuart (“ llcport on the Theory of Exchanges, ” by B StoVait, But Asioc , iSfji) 
Kircliholf has proveil that the same law holds good for bght as well as for heat (llosoot) ^Sec 
also Sped) am Anali/sis, Tkmy of Ji'xrliam/cs ) 

EXOHJ^OSE (ef, outof, uff/ioj, impulsion ) The passage of a Iniuid or gas tlaough a 
poious diT-phragm outwards (See also Osmose ) 

EXPANSION (cr, out , pando, to spread or open ) Heat has been elsewhere dthued as 
a \eij lapid reciprocal motion of the small pai tides or molecules of matter (See Ihat ) Xoiv 
it IS re.isonablo to mfer that the addition to a number of molecules possessing a ctit tin aiiioiint 
of this motion, of moro of the motion, would, by pioducmg a greater coiuiiiotioii, (.iiise the 
molcLules to occupy a larger space , anil this we hnd to be tlie case Heat expands all bodicp, 
and iiioicover the imount of heat assoi iiited with a body dctcimmcB its fonn , that is, wlicthci 
it he evisting as a solid, a iKpiid, or a g is The molecules of in ittei possess lu attiactimi for 
latli itliLi, called co/ienioii, and in antagonism to this thcie is the force of heat which uiiy be 
1, glided as repulsive, because an addition of motion to i eoiigeiics of paitules must tend to 
Bepirvtc them, that m, to act against cohesion In a solid, svj ice foi csainplc, tin cohesion of 
the p iiticles IS suflicieiit to keep them coinpoiativily close to^etlu r, for although tin y an by 
no iiieaiis in contact, and arc endued with the vibi itmy motion eallcil heat, the coin iv. foiee 
is the strougci of the two, and keeps the paiticles within the lange of its ctln active mlliieiu i 
It now we add heat to the ice, it assumes the Inpud foiin, ind we must iiiiigiiie tliat die 
I net o' cohesion tending to keep the pai tides togctlu i, is now cipiat to the forci ol hi it ti ml- 
ing t > seiuiate them , the actions aie in fact bil meed, and wo h ive a^icciicss and mobility lu 
till p lit] clcs will! h in the solid form they did not possess If the water is igimheitedit 
i 'Uiiies the gaseous forai, it hecoiiics steam or watei-gas The cohesion of its p iituks is now 
• I'tiicly o\ Cl come, they have rcci ivcd so much motion that they line been e lined In youd tin 
■ I < of cuhcsioii, and are now alone actuated by the motion of heat Thus, in a solnl the 
mil ,, ules <ii> nearest to each other, in <ii liifuid they aro less near, and in a g is they iii 1eist 
111 ii, 111(1 arc uiirostrained in then motion In the passage from solnlity to gaseity, thcie is i 
piii^iavjiic decieaso of cohesive force aiising fioiu a piogresaive augujcutatioii of tin siuec 
1 j twicn the attiacting molecules, and a piogiessivc tueieasc of moleeiilai motion aiisnig fioiu 
till duel t addition of heat , while m the passage from giscity to solidity there is a piogicssue 
I'll Uo of cohesive force, aiisingfiom the diminution of the space between the atti,.ctnigmoh 
cull s, md a pi ogressive decrease of nioleculai inotjou ansing from the if i ice t tiausfcit ncc of 
In it Solids coiitmue to expand until they pass into tlio Inpiid foijii, and hipiids Loiitiiiuc to 
evp mil 1 1 i,il tl y pass into the gaseous form 

1 I Jrpausmn of Solids The exjiausiou of solids may be shown by vaiious moans , if we take 
i bill of metal wlneli when colei will just pass between two iigul mitil surfaces by avlneli its 
ji iigtli e 111 be gauged, it la found aftei heating to no longei pass , oi, if a met illie b ill is p.vsseel 
wkeii I old through a ring of metal I'f veiy slightly greater euenmfercnce tlian its own, it is 
found after beating that the ball now rests on tho ring without passing thiougli it Thie 
ajiparatuH which la known as S'O'iuicsande's JlaU, was devised ibinit 250 years ago, and m 
figured m fci (jravesande’s Fliysiees Ekmenta Matliunatica This illiistiali s euhical exp wisiou 

Jiinear expansion may be shown by hxmg a bar of metal at line end ami causing the othei end 
to press against a lever or system of levers by means of which any leiigthLiiiiig of llie Ijir may 
be multiplied, and at the same tune indicated by a pointer, on beating the bai the moveiiieiit of 
the liulex .at once shows tint it has lengthened U^neiystallised solids, wlieii he ited uuifonidy, 
txjiand luiifoimly in lengtli, breadth, and thickness, and wc can speak eithei of the liitcaj ox- 
pansioti, tiie superjicial 01 surface expansion, or tho cubical expansion of a silb'.taiiee The 
coejfiuciit of linear expa"ision is the iiierease in length of a substance, for one degree of teinpcia- 
Uue, whosi length at some given temperature, generally o" C {01 32' E ), w taken us unity 
I’hus, if the length of a brass rod at tho freezing point (32° E ) bo taken as i oocxxx), its 
length at the temperature of boiling water (212” E ) is found to bo i 001S67, and the lineat 
CO elfacient of expansion of brass for 180° E (212“ — 32“) is hence 0001S67, and for 

E = o 001867 — f 80 = o 00001038 The comment of tupei fkial cxpuasiuii is 111 like manner 
the increase of surface for one degree of temperature of a surface taken as unity at 3^'' E , ami 
the coefficient of cubical cxpaMinon is tho increaso of volume of a volume taken as unity It can 
Well be imagmed that different bodies expand to a very different extent for eipial increments of 
heat, because the force of cohesion must necessarily vary with the nature of the substance, and 
the form and arrangement of its molecules. Tho following table shows the linear expansion of 
Certain substoncee. 
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Linear Expansion of Solids 


Name of Substance 

Length of a bar at 212* F 
whose length at 32^ Ji is 

1 000000 

Name of Observer 

Antimony, 

I 0010S300 

Smeaton 

Ilismutli, 

I 001^9167 

II 

ISrass, 

1 00185540 

Roy and Ramsden 

ti ijlatc, in rod. 

1 00189/^ 

ir II 

M 

I 00186671 

Lavoisier and Laplace 

Corper, 

1 00172244 

M ri 

II 

I 00171821 

Dulons and To tit 

Glass, 

X 00086130 

H 11 

II white, (barometer tube). 

1 00083^33 

Smeaton 

II J iigliiili Hint, 

I 00081166 

Lavoisier and Laplace 

II IiLiich cniitaining lead. 

I 00087199 

11 II 

II tube, without lead. 

1 00087572 

II fV 

II from bt Gobain, 

1 00089089 

II II 

Gold, (Dans standard, annealed). 

1 00151361 

11 II 

II II II unanncnlcd. 

I ‘>“> 55 < 5 S 

11 II 

Iron, 

I 001258 

Smeaton 

It 

1 00115600 

Korda 

n soft, forgeji. 

1 00122045 

Lavoisier and Laplace 

II round, wire-drawn. 

1 0012 1504 

(t II 

11 

1 OOTia’03 

KuloTiB and Petit 

II cast, • 

I 00110940 

Roy and Uamsden 

Lead, . _ . 

I OO2S4836 

Lavoisier and Laplace 

• 

1 oo2S(i7oo 

Sme'ttun 

riatiniim. 

1 000S5655 

Koula 

II 

I 00088420 

Dulonft and Petit 

Silver, (Pans standard). 

X fH' 190168 

Lavoisier and 1 , iplaco 

bpcculum metal, 

I 

Smeaton 

btccl 1111 tempered, 

I 00107875 

Lavoisier and Lajdace 

II teuijicred yellow. 

1 0012^956 

11 II 

Tin, from Malacc 1, 

T 001917(15 

11 H 

II II lalmoutb. 

I 00217298 

II II 

Zinc, 

1 00294 

Smoiton 


Altlionjjli these expansions appear exccssiiely small, tlie influence of heat is more considcrahli 
than wc aie apt to infigino ivhcn i preat length of substance is considered For example, the 
railroad between London and ICdinlmigh lu 400 miles long, let ns inquire the diffti cnee in 
length of the rails in summer and winter Now, iron expands o 001235 length for iSo F , 
heiue the exjiansioii for 1° h’ is cqu il to o 001235 “ i"* o 000006S6 The extreme-’ 

of Buinnier and winter temiicratures may faiily be tahen aa 70" F Hence the 400 nnlis uf 
iron rails will expand 000000686 x 70 = o 00048020 of its length for the total nmtion of 
teinperatiiie , and as there arc 704000 yards m 400 miles, we find at once, by multiplying this 
nuuibci by o 0004802, that in sumniei the rails are 338 yards longer than in -winter It at 
once becomes obvious that if the rails were placed in contact considerable displacement and 
distortion would arise 

It IS necessary to make allowance for expansion and contraction in all instances in ivliiJi 
great lengths of metal are emploj cd, as in buildings, iron bridges, iron rails, gas and -n iter 
pipes, anil so forth , if space is not alloxved for the expansion produced by the warm tminera 
ture of summer, the metals either beconio distorted, or loosen the masonry with wliii Ii they are 
in contact A space is aWnye left between each rail of a line of railway, otherwise the metal 
being lestraincd at both ends, bends when expanding, cither laterally or upwards The Ians 
which regulate the expansion of bodies have been applied to various purposes, notably to 
conqiensating pendulums (which see) For an account of the force exercised by substances 
dnnng expansion, and the subsequent contractile force see Interior Wori , Molecidai Fote/iliul 
£nerify 

The superficial expansion of a substance is equal to twice its linear expansion, and the cnbi 
cal expansion to three times the linear Thus the cubical expansion of glass between 3 -'’ ^ 
and 2J2“F is about 00254, of tin, 0069, and of mm, 00354. Professor Matthiessen his 
found that the coefficient of expansion of an alloy is the mean of the coefficients of expansion of 
the vohunes of the metals composing it The roefficient of expansion increases with the 
temperature , thus, while tlie mean coefficient of expansion of glass for 1“ C , between o’ C and 
100° C IS 00002584, between 0° C and 300° C it is 00003039 , and m the case of iron, it is 
*^*^35431 ui f^he first instance, and *00004405 m the second < 
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Cei^in crystals, unlike other solids, do not expand equally in all duections Some contract 
in one diiection while they expand m another, but the total expansion is greater tlnn the total 
contraction , others expand unequally in all direction^ Garnets have their density diminished 
])Y heating and recover it slowly Iodide of silvci is said to contract uniformly under tlic action 
of heat, but we have no conclusive experiments to show whether a different aiTangciiient of its 
molecules is at the same tune induced 

2 Exyonsiim of Liquids When an ordinary mercurial thermometer is removed from i cold 
to a wanner room, the mercury expands, and wo have an indication of increased tciiiiieiatnre, 
but the expansion observed 18 not the but the n/ipo i cut expansion of the mercuiy The 
glass theinioiueter bulb also expands, and the expansion which wo observe is therefore the 
e\])ansion of the mercury minus the expansion of the glass envelope winch contuus it ]f the 
<dj« expanded as much as the mercury we should observe no rise of the mercury m the tube, 
hLCiiise one expansion would neutralise the otlier, and the liquid thermoineteis depend ujion 
the t vet that the liquid expands much iiioie than the vessel which contains it We must tlicie- 
foic very caiefully distinguish between the a]>parent and the real exjiansion of a lii|iiid iiiidcT 
tlic miluciice of heat , the fomioi is the apparent mcrease of volume undergone hy a iKpiid cou- 
t lined in a vessel which expands to a loss extent than the lupiiil for the same amount of heat , 
the ) itter is the absolute change of volume of a liquid when tho expansion of the c oiitaimrig 
vessel has been subtracted or otherwise ehiniuated In tho eise of liquiils, it is obvious that 
O'lical expansion can be alone consideied, and we must, therefure, hear iii mind tlie dilTereiiei' 
between the coeficient of appaiciit (xpansion, and the loiljittinl of abiolute eg/niin/on of liipiuls 
Iiiquids t xpand more than solids for an equal mcremeiit of heat, and we should cxiu'ft this 
from the remarks made at the commencement of this aiticlo, as to tho liquid condition of 
Aiiat'er A liquid is intermediate between a solid and a gas , it is a solid plus heat , i solid ui 
w Inch iieaily the whole of the cohesive force is ovticomo , the molecfklos are viln itiiig under 
thf intluenee of the motion of heat m such a manner that they ajqiroach tho limit of their 
vilrfalion, and tho cohesion of the nioltcnloa is thus almost ncutialised Hence it is very 
II otiable to imagine that an addition of heat will have a greater iiiflueiicc upon such inolei ules 
th ii upon those which are more under the mfluence of the force of cohesion Between the 
Iiei /mg and boiling points of water, that is for i 8 o° F , or 100“ C , alcohol undergoea an in- 
cie ISO of volume of Jth , water of J , and mercury of ,j\th 

rill liPtermuiatioa of the eoellieient of absolute expansion of mercury, is a matter of pxtieme 
in pint a i^e in natural philosophy Bulong aud Petit made a senes of very elaborate detiiiiiina- 
tm ii, and found that the mean coeflSeient between and 100' G is > IJetweeii ico'' G and 
2a) (/ and between 200“ G aud 300" C liegnanlt found these same codln leiits 

to be respectively a, voVfjir/iff llulong and I’etit found that tho expansion of mercury 
between -36*’ and 100'' 0 is almost absolutely uniform 'I’lie coefheieiit of apparent cxjiansion 
of mercury m glass was found to be jVfio modifying the process of Jiulong and 

I'etit, liegiiault m ide the following determinations of the alisolute expansion of mercury Thu 
iirst column of the following table indicates the tcmpeiatiiie fioni o to 350'' G atwhuh tem- 
peiatuie mercury boils The second column gives the total expansiou of mercury between 0° 
and each number of degrees mentioned, thus a volumo = I oocxxx} at 0° C will equal a volume 
of I 018153 ’'t 100“ C , at 200° G , it will bo I 036811, and so on T’ho third column gives tho 
mean eoellieient of expansion for i° C between o'* and earh number of degrees mentioned, thus 
for 100' G it will be 018153 — lOO = 00018153 , for 200' G 036811 — 200 = 000184055, 
and so on The fourth column gives the tiue coefficient of expansion for 1“ G , and in the case 
of liquids which change their rate of expansion as the tempeiature im reases, it is necessary to 
distinguish carefully between the mean and hue coefficient of expansion Dr Balfour Stewart 
has given the following definition in his excellent Tieatise on lluit —“In genual language, 
if we take a quantity of liquid whose volume at 0° G is equal to unity, then the tiue coeffi- 
cient of mlatation of this liquid at any point is the rate of mrrease 111 volume of the li((iiid at 
that point, as the temperatuie goes on teyuiaily increasing On the other hand, the mean 
e-oeffieient of dilatation for 1° C of the liquid between 0' and any point is the iiiciu rate of 
increase m volume of the liquid between these two points, that is to say, it is the whole expan- 
sion divided by the number of degrees included between the two points ’’ 

Thu figures in the fourth column of the Tablo show us that tho true coefficient of expansion 
of mercuiy increases with the temperature. 
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Tabib of Abboltite Expansion of MEBCUBr 


1 Temperature 

Volume of mercury 
equal to unity at 0° C 

Mean coefllcient of 
expansion for 1° C 

True coefllcient of 
expansion for 1° C 

0 

X ortoooo 


000T7905 

xo 

I 001732 

0001 7925 

OOOT795O 

20 

I 003590 

OOOI795I 

00018001 


1 005393 

00017976 

fXJoiSogi 


T 007-^01 

0001 8002 

00018102 

•>0 

1 009013 

00018027 

00018152 


1 0T0831 

00018052 

00018203 

70 

I 0126^5 

00018078 

00018253 

80 

s OT44S2 

ooot8io2 

00018304 


1 

<x>oi3i28 

ooot8i54 

100 

1 01815^ 

00018153 

00018405 

110 

I 010996 

OOD18I78 

0001845s 

120 

X 021844 

00018203 

00018505 

130 

1 0-1607 

0001822B 

00018556 

140 

1 02555s 

OOD18254 

00018(^6 

150 

I 0,^7419 

00018279 

00018657 

160 

3 029287 

00018304 

00018707 

170. 

I 03TTC0 

00018329 

00018758 


I 0330^9 

00018343 

00018808 

IQO 

1 034922 

“00018380 

00018859 

200 

I 

00018405 

00018909 

210 

1 0,8704 

00018430 

000X8959 

220 

1 040603 

00018436 

OOOlQOtO 

230 

I 042506 

OOOIK48I 

00019061 

240 

I 04441S 

00018506 

00019111 

2^0 

1 046329 

00018531 

00019161 

260 

I 048247 

00018557 

00019212 

270 

I o<)Ot7i 

0001 3382 

00019262 

280 

I O 5 '*ioo 

0001 P607 

00019313 

200 

1 054034 

00018632 

00019363 

300 

I 055973 

00018658 

00019413 

3TO 

1 057017 

oooiK683 

0001946 4 

3 J 0 

I 059S60 

00018708 

00019515 

330 

I 061820 

000TS733 

00019565 

34*5 

I 063773 

00018758 

oc»I96i6 

350 • 

1 065743 

00018784 

00019666 


Water pre'ienta a cwnona exception to the general law? of expansion by heat and contraction 
by cold, for after cooling to 39 2° E (4° i ' ), and auffenng diminution of volume, it cominmt 
to expand on further cooling For a detailed account of this phenomenon and its results see 
Maximum Density of IVater The metal bismuth also expands on coolmg According to 
Emian an alloy cif 2 parts bismuth -with i part of lead and 1 part of tin, expands when he itcd 
from 0° to 44" C and then contracts, so that its density at 56“ O is the same as at o'', while at 
its fusing point (94" C ) it possesses the same density as at 44" 

3 Expanvnn of Gases In gases we have a physical condition entirely different from that 
■which solids and hqiiida possess, for ■while the molecules of the two latter exercise a greater or 
less amount of cohesive force, the molecules of gases arc entirely devoid of this force , they aie 
absolutely unrestrained, and are separated from each other to sueh an extent that they are 
beyond the range of the force of cohesion of contiguous moleeules Wo should hence imagi^nc 
that heat would act more equablyupon gaseous bodies than upon sobds and liquids, and fuither 
that for a given amount of heat the coetheient of expansion of gases would be greater than tha 
of liquids and solids This is indeed the case , gases not only expand far more for an eqiu 
increment of heat than hqiiida and solids, but the expansion is neaily uniform for all gases I y 
the employment of an air thermometer of knoivn capacity, and noting the changes of vchiine 
undergone by the air witliiii it, under varied conditions of temperature, Guy-Lussac arm ea a 
the conclusion that the coefficient of expansion of all gases was o 00375 between 0° and 100 
for 1° C , and that the coefficient is independent of the pressure to which the gas is subimtt 
Eegn.ault has, however, found that there is a shght difference between the coefficients of expam 
Sion of permanent gases, and a veiy perceptible difference in the cate of gases which are ino 
or less readily condensable he has further ascertained the fact that the coefficient of 
increases with the pressura to which the gas is submitted The following are some or 
results — 
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COFPFICIBNTS OF EXPANSION FOE l' C OF VARIOUS GaSES 


Name of 
Gas 

Air, 

NitrogcD, 

Ilydrogin, 

Carbonic Oxide, 
Carbonic Acid, 
Protoxide of Nitiogen, 
Cyanogen, 

Sulphurous Acid, 


Under a Constant 
Volume 

0036^5 

•003668 

003667 

003667 

003688 

005676 

003829 

003843 


tJjjdor a Constant 
I’lcssure 

003670 

003661 

003669 

003710 

003720 

003877 

003903 


Xow Hence a gas expands -- of its \olume for 1“ C The fiaction - is 

sometimes used, but more generally t I3, and in the ease of Fahrenheit degrees a gas oxpinds 
, ',^th of its lolume for 1° F Tn other woids, if we hive .a aolumo of gas at 0° C , and heat it 
to 273“ 0 , it will double its a ulnmc, and if it be at 32“ E , .and we heat it to 450 + 32“ -- 523° F , 

it uill also double its volume, and if it be riisul to (490 x 2) + 32° F = 1012° F , it will treble 
its lolumc, and so on The following table shows the change of volume which a g.as iiiuh igoiS 
n lieu suhmittcJ to vanou > changes of temiieraturc under .a constant iirossurc The volume at 
32’ F being = lOOO o — 



Vol 

Temp 

Vol 1 

1 

Temp 

Vol 

Temp 

Vol 

-,r V 

832 7 

54 * P 

JOO} I 1 

ito*P 

IIS 9 2 

210“ P 

73C3 3 

- IS 

342 3 

35 

T006 1 

US 

iiL>9 4 

215 

>373 5 

— 40 


36 

Tool 2 

120 

1179 6 

220 

>383 7 

33 

8633 

37 

1010 2 

125 

Ii8g 8 

230 

140+ i 


873 S 

3 « 

1012 2 

130 

1200 0 

240 

>474 5 


883 7 

39 

1074 3 

13s 

12X0 2 


14449 

— 0 

8939 

4 “ 

lot 6 5 

140 

1220 4 

260 

•sC’S 3 

- 'S 

004 I 

45 

1026 5 

745 

1230 6 

270 

>485 7 

10 

043 

59 

1036 7 

150 

1240 8 

280 

1506 I 

- ^ 

9*4 S 

5 S 

io|6 g 

155 

1231 P 

290 

1526 s 

0 

934 7 

60 

10^7 K 

160 

I2di i 

300 

154(3 9 

i 

944 9 

OS 

1067 3 

16s 

itjt 4 

400 

1751 0 

10 

955 I 

70 

T077 6 

170 

1281 6 

500 

>955 I 


965 5 

75 

10S7 8 

>75 

1291 8 


2 X 59 3 

'’O 

975 5 

80 

loyS 0 

180 

1302 0 

700 

23^3 3 

-5 

085 7 

85 

iu >3 2 

183 

T322 2 

800 

®S (>7 3 

30 

995 9 

go 

II 18 4 

190 

1322 4 

900 

2771 4 

3 * 

998 0 

95 

112 S 6 

19s 

I 33 > 

IGOO 

*975 5 

12 

1000 V 

TOO 

iij8 8 

2 (X> 

>342 9 

1 100 

3179 6 

31 

1002 0 

los 

1X49 0 

205 

1:53 * 

1200 

3383 7 


^'^XPAXSIVE FORCE OF ICE Sec Maximum Density nf Walci 
external work of EXPANDING MATTER See InUuiid Woil of a Mass of 
Millie) 

EXTRA CURRENT See Current, Exit a 

^'EXTRAORDINARY RAY OF LIGHT See Ordinary and Exliaordmaiij Ray of Lvjht 
LXTERIOR PLANET A planet whose orbit lound the sun lies outside that of the earth 
^ eye (A -S , eaffc , Goth, awjo, Ger, awje, Slav, oko, Gr, okos, L.otidns, Fr, erif, 
oanb , ahsh ) ) The human eye may be likened to a camera obscura The body of it is a neaily 
pcifect bphtre about mne-tenths of an inch in diameter, there being at the fioiit jiart a slight 
proicution of a tough transparent membrane, called the coniLa The globe of the eye consists 
of the following membranes — the sderotic coat, the conjunctixa, the choroid rout the iihani body, 
^ni-rorneu, Jacob' smemhiane, the hyaloid meininane, and the letina At the hack nf the ball 
aljout a tenth of an inch on the inner side of the axis, the optic nei-vo enters 'I'lie* sderotie coat 
n*^^*’*"*^ covering of all, constituting the white of the eye , to it are attached the iimscles, 
I'lneh move the eye-ball m different directions , it extends m fiont to the coinra, which fits into 
1 as a Watch glass fits into its frame The chormd coat forms the inner lining of the sderotic, 
aiHi is covered with an opaque black pigment (Pigmcntuw, Nigi um ) On this lies tho innermost 
toating of all, the retina, whieh is a delicate reticulated surface foiiied of an cxjiansion of tho 
pile nerve The ronjunctiva is a mucous membrane covering the cornea, the front part of the 
* erziic, and turning back over the inner surface of the evelids Tho cilMry body or process 
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Biispends the eryslaUhne lens in its place, forming a bond of union between the cJiot oul, ukiotir 
and iris Jacob’s membrane separates the choroid coat and the retina That which may be 
termed the optical part of the eye lies in fiont of it, and immediately behind the coinia thl'^ 
forms the first refracting surface through which the rays of light pass , behind tins, if wc Im.b 
into the eye from the front, we see a flat circular membrane of iiregular structure called the 
ins. This is usually gray, blue, block, or brown, and has a circular hole in the centre called 
the pupif, which is intensely black Tho ins expands or contracts round this central apertuie 
BO as to regulate the quantity of light which enters the eye Eehind the ins is situatcil the 
crystalline lens, which refracts the light to a focus on tho retina. The space betweiii tho eoinui 
and tho ins is filled with the aqueous kumuivi, the n ystaUine /r»s contains tho trysMluic huuwur 
and the portion between the l<iis and letina contains the vilieoiis humow, which falN up thi' 
greater portion of the eyeh.ill , it is contained in convoluted folds of the hyaloid membrane The 
corned and rn/sttil/ine lent act as an ordinary convex lens, and form on the retina an mvertnl 
image of any cjbjcct which may be in front Tlie Hp/itncal alienation is correcteil by havm r the 
refractive ]iowei of the eiystalliiie kns greatest near the centre, and diminishing tow aids the 
circumfcicnco There is, howcvci, no complete coirection for colour, but the want of achinma 
tism <locs not intioducc sulhoicnt indistiiictuess to be noticeable , probably a paitial coucctinn 
is effected by the different dispersive powers of the different media The whole of the retina 
appears to be sensitive to light , but of tbc w vy in which sensation of dibtmct vision is produced 
nothing IS known, oiu know ledge ending with the picture thrown upon the retma That portion 
of the letina where the optic nerve enters is msensitive to light , Uiih sijot of no vision may be 
discovered in the following manner — Plate two daik wafers about four inches apart on a bluit 
of white paper Look vertically down upon the right one with the left eye pir vtie leisri) luld 
ex ictly over it about fifteen inches above tho jiaiier , the left wafei will be visible when lie ne 
IS dneeted to any poition of the paper near tho light wafer, but will disappear if tho right w lUi 
be steadily looked at Adjustment foi ihstiuet vision is effected by altciatiou of the eniv ituie 
of the anterior portion of the crystalline lens by the contraction of the cib.vry piocess , in pi rfc 1 1 
Bight the imago formed by the lens comes to an exact focus on tho retina, the adjustment Jtl^t 
named being rtuffieieiit for all variations of dist inec of the object fiom a few inches uji to iiihuilv 
Impel feetioiis m,this icspcet give rise to hiiq-tiq/iUdnets or skorl-sitjhtcdness, which see 

EYE, ACCOMMODATION OF, TO Dll FLUENT DlbTANCES This is etfeeted bj 
an altei ition of tho sh ijic of tho erystvllmc lens by the ciliary process (See Lyi ) 

EYE, DiniATION OF IMPilEShlON OF LIGHT ON THE llETINA See 1 \t 
sistenie of I ituol Imptfttiont 

EYE, KEKUAVTIVE POWEPS OF PAHTS OP Sir David Brewster gms ih 
following as the rfcfia<tive jioweis of the different humours of the eye, tho ray of light In mr 
incident ujioii them fiom air Aqueous humour, i 336 Ciystallmc lens, surface, i j/d", 
centre, I 3q<)0 , mean, 1 38 19 , vitieous humour, i 3394 (See also Lye ) 

EYE PIECE An eye jnece is in piinciple a simple niagmfier adapted to microscnpt'., tik 
scojies, and similar iiisti uments, which is apjdied tlobc to the eje, and enables the obseiut to 
obtiiii a distinct view of the image formed m the focus of the object glass Tho iiiiigv ‘t 
magnified a few diameters at the same time There are various foims of cye-picccs Ow 
Tiinsti lid or L> cctiiiy Lye Puu, Miciumetei Ilye-Pteie, Neqatiie or lIuyijhenH' s hye Pace, Putdio 
or liamsikn s Lyc-Piete, Panuatic Lye Piece, AeUiiei’a Lye-Ptece, Transit Eye-Pieee, fciee .d'O 
Tdeseope and Microsape ) 

F 

PACULoE {Facula, a small torch ) See Sun, 

PAUL ORE See Copper. 

PA HIIENHEIT SCALE See Thermometc} . 

PALLING BODIES The fall of biKlics to tbe earth in various circumstances offers 
remarkable illustrations <f motion caused by a force producing a uniform aceeleratioii k'* 
bodies of different material fall through the air, they do not usually pass throug-li the saint 
spaces in the same time A ball of lead and a sciap of paper fall witb very different vcloLitif 
The difference arises from the resistance of the air, which vanes with the form and dimeuai'^”'' 
of the body, and with the velocity If, however, the bodies are made to fall in a tube 
vrhich the air has been exhausted, then the tunc of descent amhthe velocity acquired will 
the same The motion,pf all bodies in lacuo is uniformly accelerated The force produtin,' 
the motion is usually called “gravity,” and the acceleration is mdieated by y This accelt^ 
tion IS not absolutely the same at all pomts on the earth’s surface , it mcreases with the latitude 
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of the p’ ICC, and decreases with the height ahoie the sea In Tiocidou a velocity of neaily 32 2 
feet IS ad<led in every second of tune, 01 y =32 2 ft 01 J2 feet iie.uly 

The chief laws of f illiiifr bodies aie is follows — When tJie body starts from rest the spate 
pissed thiongh 111 the hist second is \i) 01 16 ft iieaily 'J'he spaces in sueeessivc si eoiids ue 
as the odd iiumbcis, I, 3, 5, 7, Ac , the sjiiees from tho coiiimeiiceinent are as the s,puus of 
the eonaeeutivc numbers, I, 4, g, 16, Ac He-nec, to hiul the space jiassed thioiigli 111 i p utind .1 
bLCOiid, ivt multiply 16 ft by the corieBpombiig odil numbei , and, to find the spaee from lli.. 
ccmiiiieneement, we multiply 16 ft by the aijiiaie of the number of seioiids The velocity it 
anv point is found by multipljnig <] by tho nninlierof seconds fioiri icst When a body is pro 
jeetfcd vcitieally upwards with •! ceitaiii velocity, it uses for a, immbei of Beeonds fimmlb/ 
dividing this velocity by >j , .uii^to a lieight found by cbviding tlie sc^uaie of the velocity by 27 , 
it f 1 1 to the ground m the same time os it took to ascend, and elriLes the giouud with the 
velocity at starting 

FAbLINtr HTATJS See JI/cfcoM 

h ATA MOlKiANA A phenomenon of umisu.d refraction seen in the Straits of Messina 
I'ntkr eeitain conditions of light a spe et itor sees, upon the He i of licggio, a soi ii s of pil isterss, 
art lies, castles, lofty towers palaces with balconies mil windows, vill.igos, and tices, plains 
with herds and flocks, armies on foot and cm horseback, all passing lapidly m suceessiuit ovci 
the surface (See Jl/tinye, Jitfiaition, UmtHiiul ) 

FATTY ACIDS, SERIES OF The homologous senes of fatty acids are formc'cl from the* 
homcilogoiis senea of aleohola by removal of hycbogeii and addition of ovyg ' 11 Thi following 
meiiiheis of this ficnea are known — 


Foiinic acid, . 

0 ir, 0 ^ 

lilltlC, 

. . C 


Aci tic acid, . 

Oj 

Tjaiuii, 

. . c 


I’l ipionic acid, . 

. Oj 

Myiistic, 

. . t! 

jjil ,„< >2 

Biityiic acid, 


1* iluntiL, 

. . C 


Valerie acid, . 


Ste iriL, , 

( 

^ 111^2 

Caproie acid, 


Ai lehichc, . 

. . c 

11)1 f loDi 

(Knaiithyhc acid, 

• ^7-^1102 

Cel otic, , 

. . c 


Caprolic acid, 

C’sHioDs 

MeU'Sic, . 

. . u 

JI)W 1,0^2 

r 1 irgonic pcicl, 

CjlIigOg 




'• ht at dp 01 this group exhibit well deimod properties , os thoir complexity of composition 
inc 11 < their boiling point rises, and then acid piopiities ileen“.ise They aie all volatile, 
mil uxi ibit a regiilai inereise of Ixnhiig junut Anothei homologuns series of fatty acids is 
that of ihe Oleic senes, of which the follov/iug are the priiiiipil meiiibeia* — 

Acivhi ac d, . . Cj II4 (Ig Ifypog lie acid, 

I I tome acid, , . (’^ll,, Oj Oleic iiid, . . C,,,lf,j()j 

Angelic acid, . . llaDg Dci glie aen', . . . f'nill ,1)2 

Pyiotcrebic acid, . . Erucic aeni, . , 

Moiingic acid, I 

Time arc other senes of fatty acids v/hieh ire, however, not will ch'fined 
1 ATTY tniOirPS TfOMOliOdOliS Ac eoidin ' to Dr Odlimr — 
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Primary Terms 

Secondary Terms | 


CJIh 

Propene 

t'jBs 

1 

Propylene 1 

. 

C,HhO 

Prop} lie alcohol 

G,II,,0 

Allyhc alcohol 1 



Pioi»\ltrf* clvcol 



1 

CjHhOj 

Cilycci 111 

— 


PEI 

0 

CiITnO 

Projiiniui iMiliyd 

ClTT^O 

Acrolie aldchyd 

a 

CJIhOj 

rriipioluc atid 


Acrulic and 

Q 

UjllfiUj 

J ICtlC U III 

CilliOj 

pyruvic acid 

2 

CjlluOl 

Glyceric acid 

— 



0*^11404 

Malonlc acid 

- 



CjUjOg 

Tartronic 1< id 

CJII4O5 

Afosoxalic acid 


cjLo 

liuteoG 

tills 

1 

Butylene 


C4lli«0 

IhiUlic alcohol 




C4I110O2 

butylu kIjcoI 

— 


a 

C,HsO 

liiityric ililohyd 




Pi 

OiTTbOj 

linti rii icid 


Crotomc acid 

1 

C4IIS03 

IhitiHctic icid. 



*3 

C4Tr„04 

Rn runic icid 

C1H401 

Fiimaric it id 

R 

CjIIsOg 

ISIalio H( 1(1 

c'liJiOs 

Metatartnc acid 


C4ll(;Oj 

lai 1 iric itid 





liUpionp 


Amyicne 

x» 

C 

Ann 111 ileohol 



1 

CgUijO^ 

Amy lie «l}Col 

— 


Pi 

O-.HinO 

Valern ildthyd 

OiIThO 

Angelic ahlehyd 

a 

• <- 5 H|n '’9 

V ill rii u 111 

Ogir^Oi 

Angelic acid 


CsHioOj 

riiuuL lent 

— 


r* 

C(IIb 04 

Pyrotnrtric acid 

C5H0O4 

I laconic acid 



0 iprcne 

CbBii 

Caprovlene 



llcxyllc alcohol 



a 


Caproic acid 


Pyrotrobic acid 



Lcucic acid 



0 


Adipic acid 



S' 

u 




Citric acid 


CjHioOg 

Mucic acid 




FAYE’S COMET A comet of short period, discovered by M Fj,je on No\ ember 22, 
1843 Ije\erner Las shown that it cimo into oui system is far back as the year 1747, whiu 
the attiaction of Jupiter caused it to follow its present track (Sec Co)nct ) 

FEBBIC OXIDE See Iron 

FEBllOCYANIDE OF POTASSIUM A compound of potassium with the hypothetical 
radical ferrocyanotcen (See Cyanojai, Cyanide of rotnsfium) It crystallises in l.iia'c turn 
cated pyramids belonginj; to the dinietnc system, which are of a beautiful amber yellow celnui 
Formula, K4Fe3Cyg + sHjjO It is readily soluble in water When fused at a red licit it de 
composes into cyanide of potassium an<l carbide of iron Its solution, added to feinc salts, fernu 
ferrocyanide of iron or Prussian blue (See Prussian Blue ) 

FEEBOUS OXIDE See It on Oxides 

^IBBES, COLOURS OF MIXUTE When a luminous body is viewed through a qiim 
tity of minute fibres, such as those of silk, it is seen to be surrounded by a ring of colmir', 
which are due to the interference of the waies of bght (See Colours of Gtooicd Sutfata , 
Colours of Thin Plates , Interference of Light ) 

FIBRES, DISCRIMINATION OF MIXED At the Liverpool meeting of the British 
Association, held in September 1S70, Mr SpiUer announced the discovery that silk ilone of all 
fabrics usually employed m the manufacture of textile fabrics is completely soluble in stron;: 
t^dtochlunc acid. By immeiBing fabiics made of mixed silk and other fabiics m concentrattd 





















b\clrocliloiic acul, the ailk la entnoly dissolved, whilst the cotton, mooI, flax, or jute arc left 
intact aftci the acid is washed an ay To detect the presence of wool in the rf snlu ii\ tilnes 
niciic acid may be employed, which dyes the wool yellow, but has no tiiictoiul k turn mi 
Iiitton oi Ilia The hydrochloric bolution of sdk has been successfully employed by Mi hpillcr 

111 iihiitoL;iap]iy 

IlLl.l), IMAflNETIC, OR PIELD OR MAGNETIC FORCE A term mtrodn.cd bj 
1 11 id.ai I ) denote any space thioiurh which a mignct diffuses its influence The inojnitns of 
t'n> 111 i-!nctic held have been ill ithematically iiivestiijatul by Professor J Clcik M,im,viU 
(l ' inibinlue Philosophical Tians ictlons, 1S57, “On Faiaday’s Eliics of Force’’) Tlic couc 1. [>- 
li 111 of i 111 Id of magnetic foice is of gieat advantige, and is most ajipiojiiiato, siiici it is 
|)0'--ihk to have a space possessing luignetic propti ties without the picsencc of a nnonct 
'1 hu', i sjiK c jiossessiiiQf these jnoperties is jiioduced in the vicinity of a conductor tiaiisimtliiig 
in > ’1 1 liic cinrciit (See Ehitto-I)ijt\nmics ) 

In (ikU i to ox]ii I ss the piopcrtics of a magnetic field, it is necessary to specify the ibn ( tion 
md iiitciisitv of the force at cveiy point in it Fu uliy has shown hoiv tlicsc jiropertios c in be 
1 \[ii Diiu nl.ill_y investigated (Sii Lrjionuaital 

Jt iMi\ slioit in 'gin tic iiccillc n re dclic itely siispi luh d, so as to be capable of tinning m 
in\ dm < tioii about its ecu tic of giavity, and if it wcn • uiicdfiomiiomt to jniiiit of the 111 uiiictii 
filil it would indicate by its direction the dncction of the foicc it each point Jt siuli i 
m’ldlc Muc canicil ftom a ceit an point ofifoys iii (hr ifitutiini iii uhuh if pitinfn, it would ti icc 
I nt i cntiiu Imo, which Faiadij i ills a line of foiii thioic/li l/mt pond * Ji'aiadiy tluicfoie 

I oiutiiid a in ignetic held to lx tiasciscd by these lints of fone which inibcati the (hicctioii of 
•IM )n lu iltiiUtion at cadi point, and hfiKwcll has shown tlial, by ili living tin Inn of func 

I I 111 , ‘ wc may indicate the mtcnisity of the foice at .iny point as well as ita diicition Jf in 
oil 1 nt of Uicii course the number of lines jiissmg thiough unit of ana is inopoiLion d to the 

then the same proportion between the mnnber of lines in niut of aici and tin mte i- 
‘l will Inild good in evciy put of thccoiiiseof the lines All that wc have to do, llu ii fun , 

1 o sjiui Hit the line 111 any part of then course so tint the number of biicH which slut fioin 
unit Ilf nil i IS equal to the niimbir ic]ircfacntmg the intensity of the field there Tin intensity 
it iiu other pait of the field will then bo mcisuied by tlie nmnbci of lines which pass tliioiigli 
t ' i M’ts of ii‘athero, each line indicates a constant and crpi il force ” 

\ i'nifr,m field of force ” is one 111 which the lines of foice iie wtiaight, parnlh 1, and efpn- 
oi^tnit Any place on the earth’s sin f.ice imaffectcal by the jirtscnee of niiigiietu in.itti r 111 
I' ri ighbouihood will be a uiiifonn field of fuicc, and the dncction of the force will hi th it ot 
till dipping iiucuh at the place F iraday shows (A'ryi /I’t seiii i /if s, ser %xii , 2465,) how to 

olnn fioiii 'itificial magnets, with piojH ily shaped jiolcs, in .11 lifii lal held of nnifoiiii fnreo 
The teii> ‘ unit field" is also used by m ithcmatn i.ins A unit field or a field of unit mtcii- 
sitv , is jnodiiccd at niut distance from i pole of unit sticiigtb , or it maybe described as afield 

III vvliiili a unit pole will experience unit foice 

1 IIAIS, COEOURS See Thm I’Uttf, Co’oun of 
P 1 J! I : J )AMP See Mm s/i tJos 
I'RinSE OF THIi EARTH See Emth 
1 HIM HALES See Metcots, fjunitiwiri 

PIRI’ ENOTNE The principle of tins m ly lie rcgai dc d as conihineil of the pnnciplcs of 
till suctjiiii and forcing punij is (Sec Hintnm oml J\niiio/ J’limp ) Koi, on the om li iiid, the 

' lb ( tiv c cvlindir is usually some distance above the sonici of the witci , on the ntlii i tlio w.itci 
li i' to 1)1 forced a coii'-ideiablc distance alxivo the woi King cylindii Win 11 tin watci haste 
bi iai''i d bcfoie being projected, a hose is cmjiloyc d w hn h is cajulile of usistiiig coii-'idi table 
itniii^p] . I ic preasiire Tins is fastened to a tulic 111 commiiiiic ition with tin bottom of a 
f 'budii ‘lie junction being closed Ijy a valve ojicning into the cylinder Auoilui opi iiing at 
di‘ Iji tluiii of the cylinder is closed by a valve which opens mroa tube leading into tin liottoiii 
'' " ‘ 111 cliambcr," that is, i stioiig chest partly full of an md eomphtily closfd with the 

*■' 1 ' pb'Mi of the end of a tube which reaches below the surface of the Inpiid, cand to wlmh the 
'll 111 I rv liose with its norzle is attaclied On raising the solid justmi, the atmosjilii iie jircssuro 
'•'(IS the air to ascend into the cylinder through the a alvc whieli opms into it (uiih ss the 
'^"gth of tile pylinder above the level of the water evcceils 32 feet) , on forcing tin jiistoli down 
^ 's v.dv,^ closes, and the witcr beneath the piston is iii'gcd through the second valve (opening 
‘I'ltw lids) tow aids the air ehaiiibcr It enters this, and the coirchpondnig iin'iiint of luiuid la 
flirted out, because the air m the air chest above the siyifaei of tbi'witil is, m the hrat 

ijn ^ ''(rtdy ilcllncd, a line of force is “a line drawn from anv origin so that at every point of its kngth its 
wiilr/* 1” the directum of the attrartion at that point" 'Ihoiuson and luit, Ivatnrdl llulosiiplij, vol 1, 


ijn ^ ''('l'('(ly defined, a line of force is “a line drawn from anv origin so 
tbe directum of the attrartion at that point" 'Ihoiuson ai 
‘nil also see lor mathsmaUcol results 


See Fiaunhojer's Lines 


mat ince compressed The air acta therefore as a compressed spiing, and giadually deluers t>ie 
natei tlnou^h the delivery hose in a continuous stream In fact, the air acts as a fly whitl ti 
uccumiil ite force IJy this means the sudden straining due to the piopulsion of a long coluiim 
of lu|uid IS avoided, and the hiemau is enabled to take surer aim It is nearly the uinvti-,dl 
practice to employ two conjugate cylinders, the water fioin which is foieod into the sinic air 
chamber, and which arc arranged in such a manner th it while the one is being forecd dj\\n 
the other is hemg raised This aiiangement eoiupletes the continuity of the dischaige 

rillE FlilhS, EXAMINATION Of THE LIGHT EUOM The cucuyos oi hre ti ls 
(fialpi not Ilf iicuf) a.iL coleopti rons insects very common m Mexiio, where the ladies use t’ltui 
as ornauicnts for heail-drosscs, &c Some were cshibited at the 1 rench Academy of hen nci ^ m 
Sejitcmbei 1S65, when M Pa-stcur read a paper on the properties of thetr phosphoiescent light 
Tlie light emitted by these nisi cts is so intense that one of them is suflicient to enable a jiLianu 
to re id ill the d iik at u short distance fiom it Examined in the spectroscope the light giv( s a 
Conti 11 nous sjicctriim, very beautiful hut without lines M Pasteur has made the same oh^i 
vatiou with tile light of glow-worms (See iVyicefi uia. Spa hum Analysis, Sjjcch oscope ) 

I'TIlilAMKNT a support ) In the astionomy of the ancients, the sphere 

of the h\cd stars 

ITXED LINES OF THE SPECTRUM See Fiaunhofer's Lines 
FIXED OILS See Oif 

FIXED STARS See iS'<eis 

FJjAME, LUMlNOSf'J’Y OF {Flrnmna, ler Jlaynuif irota fiarjro, to burn, fliXry , Sin'. 
iliKiy, to sliino ) Within the last few years it has been the general opinion that the luimiiiivit> 
of flame IS due to the presence in it of solid paiticles (m most eases caibonj raised to mean 
doseenee by the intense heat of comlmstum Afany esperiments support this view thus it ).< 
known that the hydro-evrbons winch exist m coal gas aie decomposed at a high tempi i.itnn 
with separition of carbon, and if fniily divided carbon is shiken or blown into a nonhimmuus 
hydrogen flame it is rendered incandescent, and the flame emits light of the same eh ir letcr w 
tliat fioin an oislinary gas flimc Again, if Iiyilrogcn gas is jiassed through chloro chmuiiCiic d 
and then ignited, a flame is produood, the luminosity of which is evidently duo to the iirestiici 
of incandescent particles of scsipnoxidc of ilironiuiin In an ordinary gas flame the preset le 
of free carbon p 11 tides is shown by depicssing mto it a cold substance, winch will immeJnb ly 
be covered w ith soot or by burning it with an uisuiheient supply of an, when the carbon 
bi comes evident m the form of smoke Anotliei aigniu) nt which has been brought forward to 
pioic tint the Inniiuosity is duo to mcandosccnt solid matter, is that the speetnim of the 
IS coutiiiuoiH These? strong irguuunts inve Ix’cn <<)inhated by l)i I'kaukkinel, and although 
the w riter iloos not consider that it has been m1k>wii that the presence of solid particles is notfn 
quciitly tlie cause of luminosity, he has tertaiiily jiroveil that flames winch are non-himiiious 
under ordinaiy eneumstanci s become ho when cumbubtiuii takes jilaee at a pressure aboii th it of 
the atmosjihere Dr Franklaiid shows that mixtures of oxygen and hyiliogen, cat home oxnk ami 
oxygon, anil hydrogen and eldoiiiie, when burnt m close vessels so ns to pieient expansion, gii 
veiy luminous fl lines, and he also adduces the cases of metallic arsenic in oxygen, of bisuljilnik 
of t 11 bon in oxygen, of bisulphide of caihon in nitiio oxide, of suljihiir in oxygen, of pho-pb''- 
rus 111 oxygen, as instanees in which high luminosity is produced without the presence of siili.l 
or Injiiid particles, and he also shows th it many of these luminous flames give eonfiiiii'' ■< 
speetia, tlius ujisetting the aigument adduced from the continuous sjiectrum of coal-gas flaiut 
In the above cases the increase of Iniuiuobity may be supposed to be due to the enoriiunis in 
crease of temperature, but Di Fiaukland has also shown that pressure has much to do with 
the luinmoaity of flame Candles burning at a diminished atmospheric pressure, such as at ti.e 
top of Mont Rlaiic, burn at exactly the s inio latc as tiny do at the foot of the mountain, blit 
the Imiimosity at the summit is reduced fiom 100 to 18 4 (I’hil Trans 1S61, p 631) Rj 
tinuing the experiments at high piessure, it is found tint flames which are oidinanlj non 
luminous become luminous , thus a sjiiiit lamp becomes powerfully luminous m air at a pressure 
of four atmospheres, and burns with a smoky flame at higher jircssures Dr Frankland gi't^ 
in the following table the results of a sciies of expcrioients with a coal gas flame burnt ui.oir 


pressures 

Pressure of Air 

Observed 

Pressure of Air 

Observed 

in Inches of 

lUninlnating 

In Inches of 

Ulumiuating 

Mercury 

Power 

Mercury 

Pi iwer 

302 

1000 

1S2 ' 

37 4 

28 2 ■ 

914 

16 2 

294 

262 

806 

142 

198 

24 2 

730 

12 2 

12 5 

22 2 

61 4 

10 2 

30 

20 2 

478 
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In a more recent comrnimication to tlio Royal Society, Dr Prankland hai clcsctibctl the c\ten- 
■siou of these e\i)einTieiits to the combu'.tioii of jets of hjdro^en and carbonic o\idc in o\ji.;eii 
nnekr apn'ssure sfiadually iiicicasing to twenty atmospheres These oxpeiiinents ivcu nude ni 
a stioii"" Mroii<;ht iron vo'isel fuiiUBhcd with a thick glass plate of sufficient si 7 e t<i pi.iniit of tin 
optic d L\aiiiiuation of the flame The appeal aiico of a jet of hydrogen Imming in o\ygcn 
mult i the ordinary .itmosphcreiic pressure IS \rcll knoivn On incicasing the picssnn to two 
atunisl koies, the previously ft eble luminosity la very' markedly augmented, whilst at tin itmos 
]il. Lies’ pressuic the light emitted by a jet about one inch long is amply sufficient to en dih* the 
obstriLi to read i newspaper at i dist inec of two feet from the flame, and this without any 
relketiug suiface behind the flame Kxamined by the s])ectroseopo, the spettriini of this ff line 
IS biT ht and perfectly coutmuinis from ictl to violet With a highci initial luminosity, the 
H 1 iL of caihonic oxide lu oxygen becomes much more luminous at a pixissuio of ten atmos- 
))hiies, tlian a flame of hyeliogen of the same size anil burning under the same picssme 'I'lio 
M])ntrum of cat home oxide hurmngiii oxygen, under apressurc of fouitecn atinosjiluies, is xi ry 
bn 111 lilt and pel fectly continuous If it be true that dense gases emit nioie light th in nire 
(Pin ■, wliLii ’ ^nited, the j'ass ige of the eleetiie sjiaik thiomjh ilifFeie-nt gasi s ought to pi oduco an 
inioi'iit of light vaiying with the density of the gas , and l>r Fiankl ind has shoivii th it olec- 
tiu ^p uks, passed, cs nearly as posaihlo under simil ir eoULlitions, thioiigii hydiogeii, oxvgen, 
Ll'loiiut, and sulpliiiniiis anhydiule, emit light, the intensity of whnh is ly slight in the i lao 
of livdiogen, ronsiderahle in that of oxygen, and very giext iii the ease of chlonni nid siil]ihu- 
loiis inhytliidc On passing a stre iin of luduetion spxiks through the gas^t iniliii ' ovt i lii(ui- 
ned s lipliuToiis anhydiule 111 a stioTig tidie at the oidmiry tcmprratnie, when \ jnessiiie of 
di i.it lUreo atmosphciea was exerted by the gas, x very bnlhant light w isohtuned A stieim 
i iiidiietion sp u ka W is jiassed through air eonhiied lu i glass tube < onneeti d with i t oiiiU Using 
s\ 'jl'o, an I tlie pressiue of the an being then vugim iiti d to two or tliiee itniO'pheiis, i veiy 
(11 'ill 1 11 III else in the luminosity of thespuloi xv.es observed, whilst on allowing the cuiidcuoed 
a.i to Cieipo, the iilu'iioineiioii was ri-’versed 
PJiAJlLH, iSENSI'J'lVE See Sutsitiic Flams 

1 JiA^’liS, SI’ECTllA (JE See iij>cctiuiii Analysis, LlcDimts, Spectra of the, MiUtllK 
r'ptrUa 

' 1 liXir.JLIi’Y (Fkxibilitds, tvamflerto, fivtnn, to heiul ) A property by wbnb niinu rons 
I) Op s ea-- ly yield to foiees tending to e liaiige their form , as, for cxamxdo, when a b ir Kujipoi tod 
I loth ends is pcimaiiently bent by a force acting at its middle point, .ind at right ingles to 
■ ^ kngth (S< e Bi Utlencss ) 

1 MAT Sol Quait- • 

i fdJKliNTlXE EXPERIMENT See Uomjnessilibn/ of Lninnls 

1 ' 1 1 ) \T. XG CURRENT ]le la Ru e, in ordei to show tlu niotinn of a free cimoiit in a 
Up ' 'iiet'C field, iiiiented a bcantifid little ajipai itiis which goes by this name liehny i 11 it 
eij I ill IT piece of coik is att iched a sin ill batteiv, consisting of a jiLate of /me ind i pi ite of 
pi Ltiiiiiiu inserted in a short test tubo, wlneli is filled with dilute snljihuiic and , the tnniin ils 
pp' ai 1 livon<„h the cork, and to tlmm < an lie .attached a \ei tieal eoil of wire or a small solenoid , 
‘id tlic whole appaiatiis can be lloited on watei by the support of the coik A eiiiiciit 
peifei tly fiee to moxe is thus oht iiiicd For the use of the aiiparatus see Llutu) Dijiiniiin ■. 

PLOW OF LKjUJlit} The law according to which Inpiids flow out of holes in the 
Ij ittonis oi si'les of vessels is called Torricelli’s liw If we eonceiie a small mass of Inpiid to 
r dl freely through a tube, Stirling from a state of lost at the iiiipei end, tho velocity it has on 
lu ichitipg the lower end is V2 i/ f where I is the length of the tube, and 7 the aenh i.ating force 
of gi i> ity ( = 32 feet per second) This rate is independi iit of the density of the lupiid 'I'ho 
' 'lue 1 w will hold good for a later illy ncighlionrmg paitielo, .also for one which miiiiediately 
f illov •> the first mass, and so on , in fact, for a constant stie.im of contiguous liipiid ni isses 
’1 h it IS, a stream of liquid falling fiecly down a tube, fioin a state of rest it the tnji, will, if tho 
I'lpjly at the top be constant, flow out at the bottom with thu velocity which any f.iUiiig body 
Would acquire if dropped through the same distance When water flows out of a hole 111 the 
b ittom of a vessel, we may regard the moving column to be the column iinmediately above the 
b' k, reaehmg to the surface of the water, the water surrounding this column acting like the 
•utils of the glass tube above supposed It la true that this column Joes not slip down without 
o.'tuibing the neighbouring particles But when once the currents are est.vhlishcd, due to tlie 
iru tioii (if tho falling column against the aides, so little force is required to keejj them in motion 
that the above law la found to be approximately verified by expeiiment, the mure lie illy bo aa 
yie flpiwing liquid more nearly appioachea to perfect mobilily Thua mercury and water will 
flow out at nearly the same late, while oil or glycerine will flow more slowly The ({uantity of 
h pi.d discliaigej la tins way depends, therefoic, on the depth (varies as the square rout of the 


FLO 


246 


FLO 


depth), and also, of course, upon the sire of the opening It is found experimentally that the 
quantity flowing out of a hole of twice the area of another, is nearly exactly twice as iiuicli 

The same law must apply to the rate of flow out of openings in the eiUe of a vessel niam 
tamed full of liquid (compare Lateral Pleasure) Accordingly, if a scries of equal liolcs he 
opened at equal distances down the side of a cylinder kept peifectly full of watei, th< i.ito uf 
flow, and consequently the quantity which flows from eacli ivill be jiroportional to the 
roots of the depths of the openings Thus if a pmt of water flows out ni a minute thiough the 
openmg I inch from the surface, 2 jnnts will flow from the opining 4 inches fioni tlic sin 
face, 3 pints at that 9 inches, 10 pints from that 100 inches below the surface, and so on 
It IB a Liw (almost self-evident) of falling bodies, that if a body falling through a given sp in, 
acquires a certain velocity , the same (01 another) body when piojeeted vert.s^lly upwards with 
that velocity, will rise to a height exactly cipial to thxt fiom which it fell in the first instanie 
Accoiilingly we might expect tliat if a tube, the end of which is bent vertically uiiwaids,, he 
fastened to a hole in a vessel of water, the \elocity acquiied by the watery ns it (,iine out of 
the hole, would he sufficient to cairy it as a fount iin up to the level of the surface of the watir 
in the vessel If the jet of such a fount iiu be vertical, such is very far from the case, bei ai<( 
the water, w'liich has reached itsgieatest height, f ills vertically down, cncouiiteiing and dejiress 
ing the Using column Tins iiiti rfeietice is removed by iiichning the jet, but even then tin 
jet seldom readies above ^“3- of the lieight of the hquid s snif lee Tins is because no liijiiid is 
jierfeetly mobile, and on aeeouut of the fiietion which the Lquid exercises upon the sides of thi 
tube, &.C « 

It IS clear that each particle, as it issues thiongh an opening m the vertical side of a vessil 
will be immediately influenced by gr ivititnui which will give to its path the same lorm as th d 
of a solid projectile, namely a paiaboli, the axis of w'hich is the vei-ti cal side of the vessel 
The succeeding particles of water w ill follow the same p ith, so that the whole stream lias i 
parabolic form The focus of such i ji ir iliol i is .ilw ays th it point on the axis winch is as f ir 
beneath the orifice as the surface is above it 

The cju.uitity of licjuul which is found cxjieninetit illy to be delivered in a given time thrnugli 
a hole of giv eti size in the thin bottom of i vessel of water of given height is coiisideiably h ss 
than that calculated from the above foi inula , induecl the actual quantity seldom exceeds (x> per 
cent of the calculated The e luse of this is to be sought in the circumstance that tlic neigli 
bonring pai tides of water aic <li igged into the descoinling cuirciit, and having less downward 
velocity than that current, then iiieitia has to lie ovcicoinc Their place his to be sujiphed 
by then neighbours and so on, i onsc<iueiitly a portion (40 per cent ) of the woik of the falling 
water is expended in fettiiig tlie in iss of the liquid in inotioii Furtlicr, since the lowii 
portion of the dcseeiidiag column is moving f liter than tho higher poitions, there is always i 
tendency in the column to break, a teiidoncy resisted by the pressure of the air which furees 
the ineit neighbouring particles to enter the circumference of the column, and which presses 
on the water as it issues out If the actual motion of such a column be examined, whiel 
can bo done by suspending in the water fragments of some substance having the sime deii'^iti, 
it IB funnel that the centie of the coliiiun descends must quickly, and it is only this jiortioii 
whose velocity is equal or neaily eipnil to the theoretical v'elocity It is clear that tliow 
portions of the neighbouring water, which join the current near the bottom of the vessel, will 
have impaitecl to them a considerable motion tow'oids the axis of thd^nliimn The inoiiitutuiji 
of these particles camea them towards the ccntic, 111 consequence of which the cum nt iiniiie 
diately below the orifice is contracted into a Boit of waist, which is called the Vena 
or Conti aitio VencE A current thus flowing stcacbly out of a cucular onface gradually tapeis 
m a contiuuoiis stream At a certain distance fium the opening it appears to flatten out, lo 
contract, to flatten out again, and so on, until it breaks into a senes of separately visible drop' 
If the motion of the expanded and contracted poitions be followed by the eye, which can be 
done by viewing them m a revolving luirror, they are seen also to consist of sepal ate drops 
follow mg one another in such quick succession, that, under onlmory circumstances, they appe ir 
to form a continuous stream The alternate bulging out and contraction of tho stream is thus 
seen to be due to the methochc J contraction of each drop in a vertical direction, and consequent 
bulging out m a horizontal one, as the drop passes what appears to be a thicdcening of tue 
current When the drops pass through what appears to be a thinner portion of the current, 
they are laterally compressed and vertically elongated 

The quantity of water which flows through a circular opening may be materially increased 
by adding a tube or spout (Fr anoMage ) Thus, if a short cyhndncal tube be employed as a 
spout, the quontSty of water jaay be mcreased up to So from 60 per cent of the calcul^d 
quantity, provided that the sti'eam la m contact with the inside of the tube throughout Tl^^ 
IS cauB^ by the adhesion between the solid and hquid which occurs, unlesa the velocity of the 
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efflui be veiy great ’VliQ i-ma, corihactn then iisnttUy entirdy dw<ippe irs 'J'lio Hticim has a 

constant diameter, and therefore flows with uniform velocity through the spout A still larger 
delivery of water is effected by emplnyi% a conical delivery tube oi Bixmt, the iinirowend 
beiii<^ next to the vessel If the cuirent be made to touch all sides of the spout, then' is 
i^ne^ally a 'vell-marked space containing air between the i«i« contiiicta and tlie spoil' 'I’he 
water h us, of course, the greatest velocity at the narrowest part next to the vessel, and the 
least at the optniiig of the tube, so thit though the quantity of water which flows out is 
increased, its velocity is dimnushcd It is the spreading out of the current, aftei ]) issiiig the 
tend <ontinrta, which causes the increase m the quantity delivered For the spreading out must 
tend to produce a vacuum or rarefaction, m consc(|ucncc of which the air preases with greater 
force upon the surface of the water in the vessel, while the stream itself is protected fioin the 
opposite pressure by the spout That there is raiefaction ni tlic ncighbomhood of the lena 
loutl/titu IS shown by inserting a \eitical tube in this poition of the spout, and letting the other 
cud ilip into water The water will be observed to be forced up the tube by atmospheric i 
pressure 

Owing to capillary action, a liquid which wets a capillary tube will not flow out of it unless 
the vertical height of the column, is twice that to winch tho liquid would rise m tlie tube (Bee 
Cajnll'irity ) If a capillary tube be held bori/ont illy, so that the weight of the liquid in it may 
be of no effect in produciug motion, it requires i icitim foice to press a given quantity through 
in a given time This force vanes with the diimetcr and length of the tube, and also with the 
nature and temperature of the liquid Poisscvillc, who has examined thi'j subject with care, 
concludes that the quantity of liquid forced through vanes diicctly with the picssuic, mveisely 
with tl e length of the tube, and diiectly with the foiiitli jiowcr of the di iiiicter It appeals 
fiom csjjeriineilts of Giraud that, of all pure hquids, water flows through cajnllaiy tubes with 
tho greatest facility, but it is surjiaa&ed by solutions of saltpetre Aliohol, unclci lilvo ciicum- 
staiices, flows at about half the rate of water, aiul tmpcutiuo at a very much slower latc 'I'he 
tl mjicrature, howeier, makes an enormoua difference A rise of 108“ I*' fioni 40' to 148” 
nil , asos the rate of flow of water threefold A rise of Co° F in the case of tmiiontini, fiom 
■^4 F to makes that iKpiid flow sixteen times as fast It ajipeirs tliat these results 
iiRliide tlie increase of flow due to tho incrc,ibcil sue of tho tubes at the higher temper itiircs 
Jjut that change of temperature has a gre it effeet indepeudcnt of this, is seen by the excess of 
tliH diifereneo m the rate of flow in tuipeiitme over that of water for a less tempeiature 
ilUK rencu 

ITiUIDS, ELECTKIO See Electricity, Theories of 

J’liUORESCENCE (From Fkior-sjiar , Jlvo, to flow ) A term uJkd by Professor Stokes 
m Ins explanation of the phenomena eilled by Sir J Ilersohel Lpipolic Dupciston, and by Sir 
1) ]ite\v,.Ler Joicrnal Dispa tion By «illowiiig •» solar speetiuin to fall on a fluoreseent sub- 
staiiee, such as a solution of sulphate of quinine, a peculiar blue diffused light makes its 
ajijicarance at the surface of the fluid on which the actinic or ultra violet rays fall (Seo 
Artiniiiiii ) On examining this light. Professor Stokes found thit it possessed a less refrangi- 
hihty than the incident rays, and ho was theicforo led to tho discovery of the change of the 
rcfrangibility of the rays of light, the highly refrangible aetiuic rays being degraded into 
lummous rays of less rcfrangibility Thetffeet of fluouscenee can bo seen without Laving 
iLtoiirse to a spectrum ^f daylight, or, still better, the highly actinic light of the flames of 
alcohol, or of sulphur burning m oxygen, arc allowed to shiue on a fluoiescent substance, the 
phenomenon will be observed in a maiked degree The best fluorescent substances are solution 
of sulphate of quinine, an aqueous infusion of horse-chestnut bark, an alcoholic solution of 
chlorophyll, tincture of turmeric, alcohohe extract of thorn apple seeds, and uranium glass 
The colour of the fluorescent light vanes with different substances , thus, with quinine or horse- 
chestnut bark it is blue, with uranium compounds it is greenish blue, with turmeric or thorn 
iipple it IS green, and with chlorophyll red If sunlight is allowed to shine on a solution winch 
contains uspended particles, it is diffused in a manner which, at first sight, looks Lke fluores- 
ceucc. This, however, is simply due to the hght illummatmg the suspended particles This is 
called False Diffusion or False Dispersion 

fluorine An element supposed by most chemists to belong to the chlonue group 
Symbol F Atomic weight, ig It is a gas, but its properties in tbe free state are almost 
unknown, owing to its intense affinities which cause it to unite with ahnost every substance 
With which It comes in contact , the most successful attempt at isolating it havmg been per- 
lonned in vessels of fluor-spar, which is a fluonde of calcium The most important comprands 
of fluorine are the hydrogen compound, fluor-hydne acid, or uydro-fluonc aMid see Syd/ro- 
and its combmation with sihcon, (See Silicon ) 

ELUOR Spar, See Calcium, Fluonde of. 
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FLUOSILICIC ACID See Siliron 

FLY ArVHEEL A wheel possessing' a very heavy rini, fixed upon the axis of a crank or 
other convenient port of a machine, bo as, by its mtpieiitum, to eqnali'^e the motion produced 
by the action of the connecting rod upon the crank It receives momentum from the jiriaie 
mover when at its jiositmns of greatest advantage, and expends it in kccinng up the action of 
the machine when the rod is at its dead points Oonscqucntly, the crank is earned round con 
tmiiaily at an approximately uniform late (See Ctanl ) 

FOCAL POINT See Focus 

FOCI CONJUGATE See Concave Mnror 

FOCUS (Focus, from Foi en, to heat , literally, a fireplace ) In optics, the point wl i re 
rays converged by a reflecting mirror or a convex lens meet If the sun’s rays axe einplo}ed 
the greatest concentration of heat and light will be at this point (See ViHiial Focus, Coiiju- 
gate Foci ) It is sometimes called the real foiut , where rays ongmolly paraUol meet is called 
( pnncipal focus (See also Principal Farits ) 

FOCUS, EEAL See Images, Virtiwl, Jtcal 

FOCUS, VIRTUAL See Jmo'/cs, Vntiud, Feal, Virtual Focus 

FOG A cloud resting on or near the surface of the earth 

Fogs appear whenever the temperature of the air falls markedly below the dew-pomt , so 
that, if any circumstance occurs either, (i) to lower the temperature of the air considerably, oi 
(2) to pour more vapour into the air than it can hold m the form of invisible vapour, a mist or 
fog — the aggregate of the particles of ooudonsed vapour —makes its appearance Owing to the 
fact that a fog may Tie caused in either of these two ways, fogs result from apparently contra 
dictory causefl Thus, a river flowing from a cold to a warm region will often be covered with 
fog, because it is colder than the Mirioundin"' air, which, becoming cooled below the dew-point, 
diHcharges its moisture m the form of fog , but, agtam, a river flowing from a warm to ,1 i olil 
region will also often be covered with fog, because it pours more vapour mto the air than can 
be retained in the invisible form 

For similar reasons, wherfever there is a marked contrast between the temperature of two 
regions, winds from either to the other will often bring fog Suppose a wind to blow across a 
w'arm and then to a cold region — In passing over the warm region it rises m temperature, and 
thus not only retains its moisture, but can icceive more moisture -without becoming saturatid, 
but when this wind leaches a colder icgion, it is lowered in temperature, and if moisture I.ultn 
will bo compelled to discharge a pmtion of its moisture m cloud or fog, according as it llow'" 
high or low On the other hand, a wind blowing fiom the cold towards the warm region will 
often produce fogs, forest will lower the temperature o£ the air over the warm region, and 
if that air was neaily satiiratud, it would bo uiivblc to retcain its moisture in the invisible form 
Fogs often appear on mountain slopes The air wliieh blows up the slopes is gr idiully 
lowered 111 temperature, and at length loaches a level where its temperature lowcied below 
the dew-point, when coiidonHatioii tikes piece 

The fogs which occur in the winter months m largo cities built on rivers are due to cold 
winds which flow m upon an accuniul ition of warm moisture laden air After mild weather, 
with prevalent southerly wind, a stc ady easterly current almost invariably causes a dense fogto 
make its appearance, the air being compelled to resign its moisture as the temperature gradually 
fallH (See Fogs, Fadiatwn ) A 

FOG, URY A term applied to extensive clouds of dust, or smoke, or volcanic ashes, re- 
sembling in appearance ordinary fog or cloud, but not affecting the hygrometer Sometunos 
these dry fogs have covered a wide extent of country, or even a whole continent Many of 
them are referable doubtless to the dischargu of enormous quantities of volcanic ashes, but 
others seem not associable with any such cause The fog of 1783 was one of the most remark- 
able instances of a dry fog It extended from Norway to Syria, and from England to the Altai 
Mountauis It is said to have tinged all things with a strange blue colour But “ the suu at 
noon,” says Gilbert White, “looked as blanlc and ferruginous as a clouded moon, and shed a 
rust coloured temiginous bght on the ground and floors of looms, but was particularly lurid and 
blood-coloured at rising and ratting ” In that year there had been many subterranean disturb- 
ances m Europe, and, in particular, a tremendous senes of earthquakes had upheaved Calabna 
FOGS, RADIATION OF On a niglit favourable to the formation of dew — that is, when the 
air IB calm and clear, and the earth is radiatmg its heat into space — the air immediately above 
the ground becomes cold , but, dew bemg formed, the temjierature of, the air does not fall con- 
siderably below the dew-pomt (See Dew and Dett-Foin t ) If the ground slope, however, the cold 
air flows down tf lower levels. This cold air lowers the temperature of the air which it meets, 
and if that air is saturated a fog or mist is formed Such a fog ‘will tend to met ease, because 
water, being a good radiant, the fog will part quickly -with its heat Thus, t^ese fogs have been 
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seen to nse like an inundation over a wide range of country bounded by gra slopes i/IiiCii 
eNtend to a higher levtd 

fOMALHAUT (Arabic ) The star# of the •constellation Piscis Australm It is an 
important southern star, usually recorded in maps as of the first magnitude, but estimated by 
Sii John llcrschel as a second magnitude st-ir 

FOOD, FUNCTIONS OF In the widest sense the word food may be said to comjjrrluiid 
all things which, when taken into the animal body, contribute to its maintenance or ht .ilUiy 
action It would be absurd to apply the term to a mere poison, or to a foreign body such ns a 
button swallowed by accident , but the above definition includes, in addition to the culinary 
alimentary subbtanccs, mineral salts, oxygen, water, and even quinine and other medicines 
111 the more limited sense in wluch the word is generally used, food consists of certain 
oXidi'ible solids and liquids of complex constitution which, mabmuch as they all contain csibnii, 
arc. cLissed among organic compounds They are divided into two great groups according as 
they do or do not contain nitrogen — 

I Nitrogenous, or flesh-forming elements of food Liebig’s “ Plastic Elements of Nutrition ” 

Albumin, Pibnn, Casein, Lcgumin, Gelatin (?) 

II Non-mtiogenous, or heat producing elements Liebig’s “ Elements of Eespiration ” 

Fats and Oils, Starches, Sugars 

"With the exception of Gelatin, which occupies a somewhat doubtful position, the nitrogenous 
ikinents have for their chief function the repiir of the muscular and other tissues (See 
J/ii'tr uar Power ) The non nitrogenous elements appcir to act as roeie fuel, being biiiiit iii the 
both to supply the force which it expends as heat ind woik Put it cannot bo doubted tlmt 
luvsinveli as die flesh formers are ultimately oxidi/ed m the body, they also contiibute to its 
iihble force, and are even capable of replacing to a great extent the non nitrogenous elements 
All the more impoitant articles of food contain one or more mcmliers of each group 

'lankluid {Phil Mnj , September 1866) has ascertained with great care the calorific lalue, 
as bi’int m the body, of the most impoitant substances used as food Fata and oils are gn atly 
'-npirior to all other substances as sources of force, one gramme of the fat of beef when oxidized 
111 tile body yielding no less than 3841 metre-kilogianimes of force, whereas the dry lean yielded 
oidy .04’’, ai. I dry biead unly 1625 metre kilogi uuines O itmeal and flour appear in the t iblcs 
'!•< ih ' 1 lost economic vl sources of force It must uot, however, be forgotten that m estimating 
111' V I’ue of a food, account must be taken of its flcuh-foi mititj, as well a%of its force producing 
rs , and, moieiiver, that its usefulness will depend in no slight degiee on the ease with 
Viliuh t esn be* digested 

1 re'll ND The term expressing the unit selected m measuring the work done by a 
inedianica] force A foot-iwund lepresents one pound weight raised through a height of one 
foot , and a foice equal to a ceitain number of foot-pounds, fifty for example, is a foice capable 
of riiSi’ig fifty pounds through a height of one foot (See Dynamical Unit, Wink ) 

I’OIKJE {Foitis, strong ) Any cause which can move a body, change its motion or keep it 
at lest when other forces are acting upon it In statics force is synonymous with pi cisiire, and 
lb incasmed by compansonjnth a unit of weight , thus a statical force is usually deseiibed as a 
of 10 many pounds^ In dynamics a force is that which produces or changes motion, and 
1*' me isurcd by the velocity it can impart to a given mass m a given time The force rcquiii d 
to produce a given velocity m a given time is found by experiment to vaiy as the mass of mattei 
moved , and the force lequired to move a given mass vanes as the velocity geneiated m a given 
tune , hence, by choosing suitable units we may say that the pressure producing motion is equal 
to the product of the mass moved, and the velocity generated in a second of time I'lie pressure 
m this case is termed the moving force A force which acts continuously on a body so as to ac- 
celerate its motion IB sometimes termed an accelerating force 
rOllOE, CONSERVATION OF Conservation of Energy 
force, ELECTROMOTIVE See Electromotive Force 

force EXERTED DURING EXPANSION See Interned Work of a Mass of Matter. 

FORCE, LINES OF Lines of Force 

FORCES, PARALLEL See Composition of Forces 

kORCES, PARALLELOGRAM OF Parallelogram of Forces 

forces, PARALLELVIPIPED OP See ParaUdopiped of Forces. 

FORCES, POLYGON OF Bea Polygon of Forces 
forces, TRIANGLE OF Tmangle of Forces 

FORCING PUMP When hquids have to be raised from a depth exceeding 20 or 25 feet 
® suction pump is ilot available (Sec Suction Pump ) The forcing pump is then employed 
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Tills consists of a cylinder or barrel in or on a level iMtli the water which has to be rubcj Tin 
bottom of this cylinder is provided with two valves, the one opening into the other out of the 
cylinder, the latter is in the mouth of a tube which ftaches up to the height to which the watt r 
has to be raised A piston (without valves) is worked up and dow n m the oyhnder by a rigid rod 
reachmg to the ojierator On being pulled up the water enters the cylinder , on being furtcii 
down, the water is forced out of the second Valve, and is raised in the conducting pipe At the 
second up stroke the water is prevented from entering the cylinder by the valve through which 
it had passed, while a frech quantity of water enters the cylinder, and so on 

FORESTS, INFLUENCE OF, ON CLIMATE Forests have an important influence on 
climate, somewhat resembling in character that produced by the neighbourhood of watci Thu 
changes of temperature in a forest take place slowly Further, evaporation from giound under 
trees proceeds slowly, because the sun’s heat is worded off, and as what vapour rises is genciiUv 
left undistmbed by winds, forests are regions of abundant moisture, both as respects the soil 
they cover and the oir around them Ilence the summer heat and the winter cold arc alilvu 
diiniiiished Also, the low temperature of forest regions causes winds passing over them to 
part with their moisture, so that such regions are usually rainy 

FORMIC ACIl) (Formica, an ant ) A tianspaicnt colourless liquid, of a pungent odour, 
and very corrosive Specific gravity, 1 23 Roiling point, 98 5° C (209“ F ) (’omponliou, 
CHjO^ It mixes with water m all j rojioitions, and unites ivith bases to form salts, which arc 
called Fmmtatcs It is the farst teini of a hciies of homologous acids formed by the oviJation 
of the alcohols, acetic acid being the second term (See Alcohols, liomolorjous Suf‘itances ) 
FORMULA, CHEMICAL In oidcr to express shortly the composition of chcuncil 
compuiiuds a certain symbolic notation is usc«l , certain symbols arc group-d together into wlnt 
IS called a cliemv al forimda , and with the xud of chemi&d formuLe the chemical changes which 
occur when various bodies are put m contact can be conveniently represented by means uf 
chemical equations It is the object of this article to exidain briefly the construction and usu of 
chemical formula; and equations, and especially so far as is necessary to the understanding ut 
those employed throughout this work 

To represent the chemical composition of a substance, letters arc used to denote the 
elements which occui in it Th se lettiis arc in general the imtials of the English or Latin 
names of the elements in question , thus H stands for hydrogen, 0 for oxygen, and K (kahiiiii 
lut ) for potassium , and two oh vrictciibtic Icttcis of the name when there are two elements with 
the same initial , thus O stanils foi carbon, Cl for chloiine, and Co for cobalt , N denotis 
nitrogen, and Na (natrium lat ) denotes sodium A corajdete list of the elements xvith tluir 
symbols and atomic heights will be found under Flcmcntt, Table of In order to syinholise a 
body conijiosed of sever il elements the letters denoting these elements are ivritten one follow mg 
the othei in an onlcr depending on custom Thus, hydrochloric acid (hydiogcn and chlonnu) 
IS wiitten IICl , and jiotassic hydrate (potassium, hydrogen, and oxygen) KHO 

Rut these initial letters are mule to express more than this According to the law . of 
chemical equivalence (sec Atomic Atomic Theoj i/), the elements combine with > uh 

other ill dehnite proportions , and if in any given compound one of tlio elements be, by fioiiic 
chemical change, replaced by another clement, a certain dchnite quantity of the heciaid in 
always substituted for a given weight of the first Thus potassic hydrate alwaj s contains 39 
parts by weight of potassium, one part by weight of hydrogen, Aid 16 parts by weight of 
oxygen , and if by any means we can substitute sodium for potassium m the compound, .uu! 
thus piodiice sodic hydrate NallO, 39 parts by weight of potassium are always replaced by 
23 jiaits by Weight of sodium Moreover when two or more elements unite together in mer*- 
projTortions than one, they unite m quantities whu h are multiples of the weights called their 
atomic xvcights The numbers which we have just been speaking of — ^vi2 , I for hydrogen, 
39 for iiotassium, 16 for oxygen, and 23 for sodium, are the atomic weights of those bodies 
respectively , and it is found that all the compounds of potassium with oxygen contain 39 
parts by weight of potassium, or a multijile of that number of parts, and 16 parts by weight of 
oxygen, or a multiple of that number of parts, and so of all other cases of chemical combinaticn. 
The symbols of the elements are therefore mode to represent their atomic weights , thus the 
combining proportion of hydrogen being the unit, H stands for 1, 0 for 16, K for 39, Na for 
23, U1 for 35 5, and so forth (see the table above inferred to for the atomic weights of the other 
elements) , and when we vmte the symbol KHO for pota-sic hydrate we mean that the bod/ 
is composed of potassium, hydrogen, and oxygen combmed togethsr m the proportions 39 > b 
and 1 6, by weight respectively Lastly, in order to represent combination in multiple pro]^^ 
tions we write suffixes in *;onnection with the symbol of the elements concerned Thus KjO 
denotes that 2 x 39 parts by weight of potassium aro combmed with 16 parts by weight of 
oxygen. On this principle the oxides ul potassium are written thus — • 
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Name Symbol Fotasamra Oxvgcu 

Potassic Protoxide KgO 39X2 i6xr 

Potaasic Dioxide * 39X2 16x2 

Potassic Tetroxido 39 x 2 16x4 

After what we have said a few word^ will sufiice to explain the use of cheniLaif r/jurrhort^ 
When Me wish to represent a change taking place on the contact of two or more subst uicl«, we 
wnte on the left hand side of the algebraic sign ( = ) eqwd to, the symbols of the bodies im\cd, 
and put between them the algebraic sign ( + ) joZjm , and on the right hand side of the sign ut 
eipuhty we wnte the symbols of the bodies produced by the reaction with the sign ( + ) between 
tham Thus the equation — 

KHO + HCl = KCl + H.O 

mean' that on bringing potassic hydrate (KIIO) m contact with a sufficient quantity of hjilro- 
thloiic .leid (HCl) a chemical reaction takes jilote, whereby potassic chloride (KCl) and w vter 
(11 lO) are produced It is to he noticeil that, since e leh of the symbols represents a ( ert.uii 
weight of the body for which it stands, the quantities of the various bodies employed iii a re- 
action, and the quantities of the newly formed bodies obtained aie represented in tlic eqii itioii * 
Thus KllO s^^ands for 56 , and if we please to mike a calculation m pounds, stands foi 0 fhs , 
on that St ale IICl represents 36 5 Ihs of hydioehloiic at id , and the eqiiitinn iffiiiiis that on 
iniMTig 5(1 Ihs of potassic hydrate with 36 5 lbs of liydioehloiae acid, we shall obtain 74 5 Ihs 
of jiota'sic clilonde (for that is the quantity represented on the one pound scalo bylvCl) uid 
iSihs of w’ater 

In some eases it is necessary to show that m a reaction several equivalents of one hoily arc 
iiiivtd w ith one or more eqmv lit nts of another body Tins m done by wilting a laige li^iiie 
befui' the symbol with 'which it is to bo connected Thus m the e<(uation, 

CJiIonne Potassic Hjdrato Potassic Chlorato Potassic Chlonde Water 

oCl + 6KHO = KClOi -(- sKOl -1- 311^0 

t’‘ inplojirieut of the numbers 6, 5, 3, denotes that m the reaction are concerned those 
iiiiiltiplea of the bodies wath whose symbols they axe connected The equalioii wu hive just 
4utn lb sometmiea written — 

3Clj, + 6 KH 0 = KOIO„ &c 

3( 1 _ b 1'1'T usf d instead of 6 C 1 upon theoietical consitlciatious, but both mean the sanu thing 

111 a few casus the sicn ( — ) minus is employed , thus — • 

KCIO, - 0 ^ = KCl 

would mean that, if from potassic chlorite a eert.1111 quantity of oxjgen be removed, potassic 
eliliitidi, la left, the method of deoxnlition not being indioatcil 111 the eipiitioii 

'J’lie meaning of accents and of lloman figviics wiitteii abuvo a symbol (as U" and C'') is ex- 
plained under Atommti/ 

]’OIiXj\X (Abbreviated from Fotnax C/iemica, the Chemical Furnace) One of Dacaille's 
snutlier’i constellations 

l’’OUCAlJI/r'B PKNDULUM EXPERIMENTS These experiments were designed to 
prove the rotation of the earth by the vaiiitions of the angle between the plane of oscillation 
of a pendulum, and the plaim of the mciidian, that is to s ly, by showing th it when a pendulum 
oscillates freely, it does not^pparently nnuiitaui the same diieetion, but that the direction 
elianges at different rates for dilferent latitudes, and tliat this vaiiatioii can bo accounted for 
only by supposing the earth to revolve on its axis An idea of sueh an effect seems to have 
octurred. long ago, and is mentioned in a pajiei in the Fhd Ttans , 1742, No 468, by the Mar- 
quis de Poll, in the course of bomc obsei rations on the ]>enduluin It appears also (see Comptes 
1831, No 6), that in 1837 Poihson had hinted at such a variation, but supposed it of 
insensible amount 

T-Jie experiment depends on two facts , first the deviation from parallelism to itself, of the 
nicndiau of any place, during the rotation of the earth The diiection of the ineiidiaii at any 
Puint, if continued m a straight line, wdl be a tangent to the earth at that pomt in the same 
plaue an the axis of the earth, and meeting the axis m a point which is more or less distant from 
me pole according to the position of the place At the equator this tangent line marking the 
direction of the meridian, wiU be parallel to the axis, and at the pole perpendicular to the axis 

enm^ should always bo bomesin mind that tho symbols oraployod represent numbers Sfuch of tlic too 
in T>i <^hu8e of chemical notation arises from forgetting this The practice of uniting the symbol of a body 

puica of Its name Is highly objectionable We would also protest againSu the use of such equations as — 

KCIOa-i- Heat = KCl + O, 

ought to be put In words not In equations, and Introducing confusion to save space is mot 


^fPlsnatlons 

auvantageous. 
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In one revolution of the earth, the tangent line will trace out a cone, the developed angle of 
which will increase as we proceed from the equator to the pole It is easily proved that if 
suppose the earth a perfect sphere, this angle vanes as the sine of the latitude of the place 
being the angle obtained by multiplying 360“ by the sine of the latitude, hence the inchintmu 
of two successive positions of the meridian of a place to each other after an interval of time 
may be found by taking the same part of the above angle as the interval is of twcnty-foui hours 
The second fact is the mdependenei of the motion of the pendulum, notwithstanding that 
the point of support is carried along w ith the earth in its rotation, and that the w’lole seems tu 
form a part of the earth This is easily elucidated by very simple expenments, in which the 
vibration of a small pendulum is seen to continue parallel to itself notwithstanding a motion 
given to the point of support , the effect being, m fact, only a simple consequence of the co is 
tence of two motions communicated to a body at the same time 

Fiom these two facts, it would appear that, supposing the earth to revolve on its axis, if a 
pendulum, consistmg of a fine flexible wire and a plumb-bob, be suspended from the ceiling of 
a lofty room, and made to oscillate in one plane, as, for instance, in the plane of the meridian, ni 
exactly north and south, after a short time the directum of oscillation will not be north and smith, 
but will have turned from the north towards the west The meridian will have gone through a 
certain angle in consequence of the earth’s lotation, hut the direction of the oscillation will have 
remained unchanged At the polo the direction of the pendulum would apparently mahe a 
complete circuit in 24 hours, while at the equator it would maintain the same direction The 
expoiiinent origmaily made by M Foucault, was re pciated and confirmed uniler the mspcctiou 
of M Arago, and other eminent scientific men, with due precautions, m Paris, asabo at (ihiiit, 
Brussels, ami elsewhere In England, liesides the public repetitions at the Royal, Lomlou, 
and Polytechnic Institutions, by l)r Itogct, Mr Bishop, Dr Bence Jones, and Mr Bass, tlio 
experiment was tried at York by Professor Phillips, and at Bnstol by Mr Brent, with cviilul 
attention to all the circumstances likely to ensure the avoidance of sources of error, and to 
secure precise results Other observers have also repeated it in various jilaces, especially at 
Dublin, where Messrs Ilaugliton and (Jalbraith of Tiimty College pursued the re&eaich vvitli 
all imagiinhlo precautions, ami obt uiied results somewhat different fiom those of other observers 
According to nearly all the othei e\2ioiiiiicnt8, the rate of deviation enntmued uuitoiTn, altlioiigli 
the amount of deviation given by different observers vanes, according to Messrs Haugliton 
and (lalbiaitli, the rate v vriod, and they 8( em to have boon the only observers who have watched 
through a complete revolution, the tunc of which was observed to be 28 hours, 26 minutes 
The rates of deviation for one houi wcic, at Pans about 11° 30', at Bnstol li° 42' at Dublin 
ratliermoiethan i2'’,J[t Yoikabout 13° The sources of probable error are very numerous andiiot 
easy to guard against Such aie the inijierfect freedom of suspension, resistance of the air, 
cui rents 111 the dir, &c The most formidable, however, is the extreme difficulty, ainomitiri^ 
almost to impossibility of causing the pendulum to oscillate in one plane, and of prevent ng its 
motion m a narrow ellipse At starting, the bob is usually drawn aside and attached to a lixed 
point by a fine thread of silk, which is afterwards burnt by a candle 

On the whole, although the experiment has been publicly repeated by men of eminence aud 
experience as observers, jet the discrepinciea and dithculties connected with the observed 
results, seem to indicate that the subject has not yet been thoroughly worked out It w of 
high interest and importance, and mciits a revision of the theory and a repetition of thcexpcii- 
ments It should, however, be remarked that if fully verified, the result would hardly amount 
to a more palpable proof of the earth’s rotation than other astronomical phenomena afford 
FllACTUllE (Franyo, ftactua, to break) Any rupture of a solid body by which its 
strength is impaired Fractures may be classified according to the kind of strain or stress 
which produces them For instance, a direct pull may produce a tearing or stretchmg fracture, 
a compressing force a crushing fracture , a transverse force may produce either shcanng, 
wrenchuig, or transverse breakage An accurate knowledge of the power of different materials 
to resist forces tending to produce fracture is exceedingly important to the engmeer ^kieo 
Stieiu/th of Matenalt ) 

Fraunhofer’S lints The black bncs which cross a very pure solar spectrum 
first observed by Wollaston, but they were afterwards examined with so much care and 
philosophical refinement by Fraunhofer, that they are generally called after hia name They 
are occasioned by the bght from lower portions of the solar surface {which are supposed to give 
a continuous spectrum), passing through certain incandescent metalhc vapours, such as iron, 
sodium, magnesium, hydrogen, &c , which exist m the upper portions of the luminiferous 
envelope of the sun, and, m a less degree, through the aqueous vapour and permanent gases of 
the- earth’s atmosphere (Sea Speciruwi, Spectrum Analym , Metallic Spectra . Spectroscope ) 
FRAUNHOFER’S LINES, ARTIFICIAL When a spirit flame* containing a sodium 
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compound is examined m the spectroacope, a linght yellow line is obaerved, due to tlic incandes- 
cent sodium vapour which emits light of this refiaiigibihty But sodium vapour is also opaciue 
tohght of the same refrangihility, and nhen this vaflour is interposed in the path of a, beam of 
light forming a continuous spectrum in the spectroscope, a black line is cut out occupying the 
position of the luminous hne formerly observed, producing, m fact, an artihcial Fiauuhofei line 
1) Bv employing other metallic compounds, other lines can be reveised m a similar manner 
(Sec jS'pccf f um Arudrjxis , Fraunhofer' » Linet , Metallic Spectra , Speett oacope ) 

FREE CHAELtE See Charge, Free 

freezing mixtures, whose object is the production of artificial cold, take advant-igo 
of the heat which is required for the passage of a body from the solid to the liijiiid condition 
It is explained (see Latent Heat) that for the mere change from the solid to the lujuid state a 
certain quantity of heat is necessary, and is taken np during the change mthoiU incrcaeiivj the 
ianpctatme of the body By mi’cing together two substances, one, at least, of which is a solid, 
and which, on mixing, is liquehed, a veiy low temperature may be produced Heat being 
icquired for the liquefaction, the tempciature of the mixtuie falls The following list of 
freezing mixtures, and of the lowering of temperature due to them, is given by Professor 
Balfour Stewart — 


Substaucea 

Parts by M'eight 

Reduction of Temperature 

Sulphate of godmm, 

Uydrotdilonc acid, 


• 

-t-io®C (+So'‘F)to — I7°C (-t-iop) 

Pounded Ico or anow, 

Coinmoii anlt. 

U 

4- 10® C to — iB» C (i>» V ) 

Sulphate of sodium, 

Dilute nibilc aud, 

1 } 

-)-io®C to — I9»C (— a°r) 

Sulphate of aodlnm. 



Nitrate of ammonium, 

s y 

-Hio*C to — e 6 »C (— is»F) 

Dilute nitric acid, 

4 ) 

Phoaphate of aodium, . 

Dilute nitric acid, • 

1 ] 

+ ie» C to — 29*“ 0 C— 20® P ) 


1 or .. pother method of producing artificial cold, see Reft u/n ator 

riiEEZINQ POINT, INFLUENCE OF PEESbUKE UPON, Professor James Thomson 
first pointed out that it is a consequence of the dynamical theory of heat that the fieezing- 
poiiit of a substance wfiich expands in solidifying should he lowered, and that of a body which 
contracts in snlilifying should be raised by the application of prossure during the operation of 
freezing IIis brother, Sir William Thomson, shortly after expcnmentally verihod the idea in 
the case of water, and showed that under a pressure of i6 8 atmospheres the temiierature of its 
freezing point was lowered by o° 232 F , a number which agrees closely with the result calculated 
theoretically for that pressure — namely, o'* 230 

Bunsen afterwards experimented on parafhn and spermaceti, bodies which contract on freezing, 
and showed, m the case of the latter, a iise m the temperature of the freezing point of 5 7° F 
for a pressute of 156 atmospheres 

Mousson lowered the freezing-point of water 18° C (32°4 F) by a pressure of 13000 
atmosplieres 

Professor James Thomson applied this result to account for the phenomenon of the “rcgela- 
tion of ice " By pressure a small quantity of ice is hquehod, and the liquefaction gives nse to the 
disappearance of heat as latent heat The adjacent portions of the ice are thus chilled below 
^^^^tcezing-point, and regelation is the result 

FRESNEL’S LENS. Fresnel has devised for lighthouse purposes a system of building up, 
mund a central convex lens, large lenses composed of rings of glass so curved, that they all have 
“he Same focus The lamp being placed m this focus, the diveigent rays are refracted by the 
compound lens, and rendered parallel (See Lens ) 

FRESNEL’S RHOMB See Rhomb, Fresnd't 

FRICTION {Fneo, to rub ) That resistance to motion which arises from the roughness of 
surfaces, the rigidity of cords, and the presence of air or water It is one of the pussne resist- 
unoea to motion, (see Reais&ince), preventing the bodies from sliding upon one another, and de- 
P®uding on the force with which the bodies are pressed togetha The determination of the 
U’lnovint of force required to overcome friction in special cases constitutes one of the most 
***iportant subjects of practical investigation connected with mechaniis 

A 0 surfaces are ^riectly smooth When a body is laid upon a horizontal surface, even 
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though the surface be one of pohahed steel, the application of some amount of force is necessary 
m Older to make the body ^de The resistance which this force overcomes is termed 
fiiction 

In order to measure friction, the body under consideration is placed on a plane which can be 
gradually raised from the honsontal position towaids the vertical by some mechanical appliance 
such as a screw It is found that the inclmatiunof the plane at last reaches an angle such tli it 
any further elevation of the plane causes the body to slide (See Angle of Repose ) By this 
means a measure of friction may be deduced from the general piinciples of the inclined plane 
(See Itk lined Plane ) When a body rests on a rough inclined plane three forces act upon it, the 
weight which is vertical, the reaction of the piano perpendicular to the plane, and the force of 
friction m the direction of the plane When the jjlanc has reached the limiting angle of repose 
the ratio of the force tending to make the body slide to the force pressing it against the plane 
is called the coefficient of friction This is the same as the ratio of the height of the plane to 
its base, or, m other words, is equal to the tangent of the angle of repose 

In the experiment for determining the coelhcicnt of friction, the base taken as one unit is a foot 
in length, and then the height cxpiebsed as the fraction of a foot is the coefficient of friction 
This number vanes for diHerent surfaces, and tan only be obtained by direct experiment It is 
always greater for like than for unlike siihstaiii cs 

The result of experiments have established the following laws, of which the first is funila 
mental — 

I When the materials composing the surfaces m contact remain the same, the friction is 
propoi tional to the pressure Suppose a block of wood, having a hole bored in it, to rest on a 
plane intliiicd at the angle of repose , if leail lie poured into the hole, the scre'W may be turned 
BO as to incline the plane at a greater angle without causing the body to slide Thus by in- 
creasing the pressure we increase the fnetion 

The closeness with which results of experiment coincide with this law may be seen by the 
foUowiiig table from Morin, relating to oak, with fibres perpendicular to one another — 


Extent of surface in 
contact 

Normal Treasure 

Presmro tending to 
prodiico motion when 
the body is on the 
l>Omt of TDOVlllg 

CoelUcient of 
friction 

o 947 sq fV 


67 lbs 

0 55 



151 




25a 

• 0 51 



1171 

0 58 



1287 

0 51 

o 043 eq ft 

389 lbs 

' 204 lbs 

0 sa 


403 

213 

0 53 


1461 

855 

0 5*2 


II The friction is independent of the extent of the surfaces in contact The angle of repose 
is found to remain the same whichever face of the body is placed m contact with the plane 
This result may at first appear surprising, but a little reflection will show that it is a natural 
consequence of the first law , for if, in the second ijosition, the area in contact be five square 
inches, as compared with forty square inches m the first, each square inch bears eight tunes the 
pressure, so that the friction per square mch in the second case is eight times as much as in the 
first, and the total friction remams the same 

When the pressure per square inoli becomes very great, the friction ceases to increase in pro- 
portion to the pressure When the pressure in building constructions is so intense as to cnish 
or indent the substances at or near their surface of contact, the friction mcreases more rapidly 
than the pressure , but such a pressure should never be reached in any structure Suifaces 
which have been long m contact present a variation in this respect, especially those of substances 
which may be sensibly mdented by moderate pressure, such as timber When beams of timber 
are mortised together, and remain at rest, the parts acquire an additional force of adhesion and 
cohesion, which is not proportional to the pressure (see Adhesion and Cohesion) , and, as a general 
law, friction between bodies after remaining relatively at rest is greater than friction between 
the same bodies in shding q\er one another The excess of t\aafnctton of rest over tho friction 
of Ihotion 18 , however, easily destroyed by giving a slight vibration to the bodies, so that m con- 
sidering stability of structures, we need only reckon the friction of motion* 
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III When the body is in motion, the friction is independent of the velocity The effect of 
fnction IS always to resist the motion of a body Hence, if the object of a force be to move a 
weight, friction opposes the power , but if it be applied to keep a body at rest, a less power will 
be sufficient than if the surfaces were smooth 

Fnction IS a vast source of loss of power in machinery Usually, at least one third, and 
often as much as one-half, of the entire moving force employed, is ooemned in overcoming fric- 
tion Although fnction m a machine is a disadvantage, it is the source of the efficacy of such 
instruments aa nails, pegs, screws, weilges, &c , for example, when a wedge is driven into a aub- 
stajicc by tlie force of peicussion, it would rebound after each blow but for fnction Without 
fnction moat structures would fall to pieces , it is a necessary condition of all forward motion, 
grasping, &c , indeed, if there were no fnction betjyeen the wheel of a locomotive engine and 
the rail, the progress of the wheel would be impossible for want of the necessary purchase 

Fnc*ion is frequently utilised when great resistances are required to prevent motion For 
example, a boat earned m the current of a stream may bo easily arrested by making two or 
three tunis of the rope attached to it round a tree or hxod object When one surface slides on 
another, the resistance is termed alidin// fnction , when one tolls on the other, so that different 
points in each are brought into contact, it is termed roUuiff fnction With the same surfaces 
and pressure, sliding friction is much greater tbaii rolling fnction On this account car- 
riages are supplied with wheels, articles of household furniture with castors, Ac , and geiieially 
substances are selected fot application in rolling fnction which have least coefficients 
of friction, combined with mexpensivenesa, for the required purpose When as in descending 
a steep hill, it is advisable to check the motion of a carnage, tlie wheel is “ locked” by a chain 
or by a break., so that the fnction thereby caused may offer a greater resistance to the motion 
^See BiCtJ ) 

The ruse full investigiition of friction was made by Coulomb, who published a memoir on 
this subjict in 1785, an abstract of which will be found m Young’s Natural Phdowphi), 
vol 11 Mr Moseley pointed out the properties of the angle of repose or Lmiting angle of re- 
sistance , and General Monn investigated very fully the calculations connected with fnction 
(See ' fonn's Notions Fondamentales de Micanique ) The following table show some of hia 
rcbults — 


Substances 

Angle of Tlcpose 

Coefficient of Fnction 

Oak on oak, fibres parallel, 

31'/ 

0 62 

„ ,f perpendicular, 

28 

0 54 

Oak on elm „ parallel, . 

20i* 

0^8 

Elm on oak „ „ 

344 ° 

0*9 

Wood on wood, dry, 

14“ to 264 

0 25 to 0 5 

„ soaped 

1x4" to 2" 

0 2 to 0 04 

Metals on metals, diy, . 

84' to Hi’ 

0 15 to 0 2 

„ wet and clean, . 

i64’ 

03 

Metals on oak, dry. 

264' to 31" 

05 to 06 

„ soapy, . 

. 114° 

0 2 

Leather on metals, dry, . . 

294’ 

0 56 

„ ,1 wet, • • 

. 20® 

0 36 

}i „ greasy, . « 

. 13’ 

0 23 

). » oily. 

84 " 

0 IS 

Smoothest and best greased surfaces, 

ii"to 2* 

0 03 to 0 036 


frigid zone Arctic Circle 

FRINGES Phenomena observed when the edges of the shadow of a small opaque body, 
such as a fine wire, thrown by divergent light, are minutely examined They aro due to the 
of the waves of light (See Diffraction ) 

’ term used to desenbe the weather, when the temperature descends below 

3 ^ ^^Iircnheit, so that all superficial moisture becomes frozen 
J KUIT sugar An uncrystaUisable mixture of dextrose and Idsvulose (See Sugar ) 
jUCHmNE SeeAmiiiw 

r tILCIIIFM (Fulcrum, a hed-post , from fulciie, to prop ) The fixed point about which 
turns The fulcrum either lies between the force>», in which case the forces, if 
parallel, act m the same direction, and the pre^-sure on the fulcrum is their sum , or it lies on 
j side of both forces, in which case the forces act in opposite directions, and the pressure 

t’ j ®.‘*’^*^um IS their difference When the forces are not parallel, the direction and magni- 
IW I prussure on the fulcrum must be found by means of the parallelogram of forces 
t the fulcrum shal^be strong enough to bear the pressure upon it la an unportant condition 
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of eqmbbnum whicli must be borne m mind in applying the lever Tbw condition ib referred 
to in the famous maxim of Archimedes, “ Give me a point of support, and I will move the 
whole world ” (See Leui ) n 

FULMINATING PANE A very simple form of electric condenser It consists of a pane of 
glass having two squares of tinfoil pasted opposite to each other, one on each side Thty 
cover nearly the whole side, leaving only a margin of an inch or so all round This 
ought to be coated with shell-lac vs.nish to improve its insulating powers The pane is set on 
a wooden fiame, and one of the tinfoil coatings is connected with this and with a nng uhirh 
it carries, and thus, by means of a chain, can be put in communication with the ground Tlie 
other 18 put in connection with the electric machme when it is to bo charged Tlie action is 
precisely that of the Leyden jar or ^pinitatCondmser, (qv) 

FULMINIC, ACID An acid which is known m combmahon with bases, as fulminates, but 
which has not hitherto been prepared in the free state Them formula is CgNjMjOj (JI 
denoting a metal ) Tho principal fuIniinatcB are fulminate of meremy and fulminate of sdur, 
commonly known as fulminating mercury and silver They are prepared by dissolving the 
respective metal m nitric acid, and adding alcohol, when crystals ore deposited on cooling 
Fulminating mercury is the principal ingredient m the explosive mixture of percussion caps, 
and IS likewise used for effecting the explosion of gun-cotton Fubnmating silver is selJoin 
employed, owing to the great danger attenihiig its preparation and manipulation 

FUMING There are certain liquids which, by exposure to the air, fume or emit a visiLla 
smoke Spirit of^alt, also known as muriatic or hydrochloric acid, does this This liqmcl is a 
solution of hydrocTilonc acid gas in water wdiich alworbs it greedily, water at 40° F absorbing 
480 times Its own bulk of the gas But water absorbs ammoniocal gas still more greedily , fur 
at 32° F it will take up 1 050 times its volume of the gas, and yet the solution, known as 
liquor ammontce, does not fume on being exposed to the air Why is this * Mr Tomhusun 
has given an answer to this question in the Chemical News, xix 23, which we here abridge 
If the alkaline solution be heated, the whole of the gas can be driven out of the water at about 
160° F , but, on heating the acid solution, it will pait with gas until it has a density of i 10 
(at 60°), when it will have a boiling point of 233° F , and will distil unchanged 

Moreover, the alkalme solution is hghter than its own bulk of water , the acid solution is 
heavier The presence of the ammonia lowers the boihng point of water , the presence of 
hydrochloric acid gas Iios a contrary effect Hcncc, the mode of combmation between ammonia 
and water must be different from that between hydrochloric acid and water The one must 
be a case of simple adhesion, the other of true chemical combinaliou as well as adhesion 

“ Ammonia let ouf into moist air simply adlieres to the moisture, and mcreascs its volume 
"Vapour of alcohol, ether, &c , does the same Now any amount of aqueous vapour th it the 
air can maintain in an miisible clastic state, at a given temperature, it can maintain with 
increased effect in the case of ammonia vapour, alcohol vapour, &c Hence, the combination of 
these V apours with the moisture of the air is necessarily an invisible compound 

“Hydrochloiic acid gas, on the other hand, let out into the air, combuics chemically witb 
tho moisture, producing condensation or diminution in bulk Hence, the compound la visible, 
just as tho condensation of pure steam m air produces visible vapour 

“ Fuming nitric acid and Nordhausen sulphunc acid are also cases m point ” 
FUNDAMENTAL NOTE of a string or organ-pipe, the lowest note the instrument is 
capable of producing — namely, that produced when the string or the air in the orgm ph e 
vibrates as a whole (See Harmonics ) lu music, the jiruicipal note of a melody or ooini'osi 
turn, to which all the others are adapted In this sense it is commonly called the Le>i-iu>tiol 
the composition The root of a chord is also c^ed the fundamental note of the chord 
Harmony ) 

FUSEE, (fusus, a spindle , French, fuscau), a contrivance for rendering uniform the 
action of the mainspring in watches and marine timepieces It consists of a spirally grooveil 
cone, on. which a flexible chain can be wound The cham is fastened by one end to the DO-e 
of the cone, and by the other to a barrel containing the mainspring By uncoiling, the 
spnng causes the barrel to rotate, so as gradually to draw the cham off the fusee, and, by 
nieaus of the toothed whtel at its base, to set m motion the remaining wheels of the timepiec® 
One end of the axis of the fusee is accessible externally, so that at the proper time it niajr be 
“ wound up ” The force of the mainsprmg decreases as the spnng uncoils, but in consequ^w 
of the conical shape of the fusee, as the force dmunishes, the chain is unwound from a part 
gradually mcreasing duuneter. Now, by tho laws of the wheel and axle, the greater the rauiu^ 
of the wheel, the less is tli» required power Hence, by increasing the diameter of the 6*"“^ 
of»the fusee, exactly as Cue force of the mainspnng diminishes, umformity of motion is secureu 
(See Lever, Mechanical Advantage , Wheel and A^e; Fo? Motion, smd Morotogy ) 
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PUSEL OIL A nauseous oily Lqmd produced m the slcohohe fermentation of potatoes, 
f’C oonsistmg for the most part of amyhc alcohol It^commumcates a very unpleasant taste 
and smell to alcohol , 

fusing point Different substances, when heated, fuse at very different temperatures, 
ithicb, however, are the same for the same substance, if the external pressure remains constant 
The temperature at which fusion commences is termed the fusing 'point The following table 
shows the fusing point of various substances (taken for the most part from Pomllet’s Elements 
de Physigwe Ea^nmentdle) — 


Table op Pcsiko Points. 


Names of Substances 

Fusing Point 
in degrees 

Platinum, .... 

Fahrenheit 

3082* 

English wrought iron. 

2912 

French wrought iron, 

2732 

Steel, 

2SS2 

Manganese (cost), . 

2282 

Gold (pure), . 

2282 

Copper, ... 

1922 

Silver (pure), 

1832 

Bronze, .... 
Antimony, 

1652 

810 

Zme, , . . 

680 

Lead, ... . 

608 

Bismuth, . 

512 

Iiii, f . . 

446 

Al'viy of 5 parts tin, i part lead. 

381 

Ailoy of 1 part tin, l part bismuth, 286 2 

Sulphur, 

239 


Names of Substances 

Fusing Point 
in degrees 

Iodine, . 

Fahrenheit 

225“ 

Alloy of I part lead, I part tin, 
and 4 parts bismuth. 

201 

Sodium, 

197 

Potassium, 

1364 

Phosphorus, 

III 5 

Wax, 

142 

Margiinc Acid, . • 

140 

Spermaceti, 

120 

Stearme, , 

117 8 

Acetic Acid, . . 

II3 

Tallow, .... 

92 

Ice, . 

32 

Bromine, . 

+ 9 S 

Siilphimc Acid, 

— 300 

Mercury, 

— 37 9 


fusion {Fundo, to cause to flow, to render fluid ) When sohds are heated they continue 
to riuc lu temperature until at a certam pomt fusion commences, and the temperature then 
tea><eB to rise until the whole mass has passed from the solid to the hquid condition The 
temperature at which this takes place is the same for the same substance^ so long as the pres- 
sure remains constant (See FusmgJPomt ) A few solids, among which may mentioned 
arBcniouB ar-id, and sobd carbonic acid, pass at once from the solid to the gaseous condi- 
tion , that 18 to say, their point of fusion coincides with their pomt of vaporization, hence they 
have no mtermediate liquid condition. Other substances soften before fusion, and become more 
or less viscous, as in the case of glass, seahng-wax, and the metals capable of being welded, such 
as platinum and iron Dunng fusion all substances absorb a certain amount of heat, railed 
the heat of fusion or of iKiuefaction, which is expended m forcing asunder the molecules of 
the substance heated, against their inherent attraction or cohesive power Hence this absorbed 
heat disappears as heat, and becomes mechanical work , m fact, it is expended in internal loork 
twhich see) , and when the liquid, on cooling, becomes solid again, the heat thus employed 
reappeam as sensible heat The latent heat of fusion of certam substances is given under the 
heading Latent Heat Substances for the most part expand in undergoing fusion, and this we 
should expect, for one of the most apparent effects of heat upon matter is expansion, that is, a 
separation of the molecules of a substance to a greater distance than before, in virtue of the 
additional autount of the motion called heat, which has been communicated to them A few 
substances, however, do not expand , among them, ice, bismuth, and antunony, which cou- 
t^t when they are fused, and conversely expand when they become solid (Sea Maximum 
Lmnly of Water.) Pressure exercises considerable influence on the fusing pomt , substances 
lilw watw, which expand m solidifying, have their points of fusion lowered by pressure , while 
substances, which (like the generality) contract in sohdifying, have their pomts of fusion raised 
pressure Bunsen found that the fusing pomt of parafBn with a pressure of i atmosphere 
Was 46 3” C , when the pressure was incieased to 85 atmospheres, it rose to 48 9° C , while 
noer a pressure of 100 atmospheres, the fusing pomt was 49 9° Professor James Thomson 
predicted, on theoretical grounds, that the fusmg pomt of ice (and other substances which con- 
E^b*^** fusing), would be lowered by presBure , and this was ploved by Sir W. Thomson 
* application of a pressure of I30C)0 atmospheres (i atmosphere = 13 lbs on the square 
iiicii of surface) Mousson found that the fusing pomt of ice was lowered from 0° to — 18° C 
• B 



Fua 


258 


GAL 


Every subatance abaorbs a certain definite amount of heat in passing from the solid to the 
liquid condition, which, as stated above, is eonsiimad m internal work and therefore disappears 
as sensible heat The large amount of heat absorbed by ice in melting, and given out by water 
in freezmg, has a great iiSuence on the temperature and climate of countries in which water 
abounds This is discussed m detail in the articles which treat of meteorology 
FUSION, LATENT HEAT OF. See Zotewf Ueat 


GALAXY, (ytlXa, milk , 5 yaXa^iat wiJ/tXor, the milky zone ) The Vta Lactea or Mdhj 
Way The zone of milky light, which is visible in the sky on a clear night, has from the 
earliest ages attracted the attention of astronomers The views formed respecting it by some 
of the earlier observers were bizajrre and fanciful Thus Theophrastus believed that the coks 
tial hemispheres were knit together incompletely, so that a circle of faint light appeared wlitrc 
spaces had been left through which the faery heavens can be seen Before him Anstotk had 
taught that the Milky Way and comets ace constituted of the same materials Yet some of 
the earher astronomers formed justcr views To Demoentus has been attributed the theory 
that the Milky Way consists of a multitude of stars, too small to be separately visible, a theoi/ 
referred to by Maciiliua in the often quoted Imes in. which he asks — 

Anne magia densA stellamm tnrba coronft 
Cnntexit flammaa et crasso himine candet 
Et fulgorc uitet coUoto clatior orbis * 

We owe to Galileo the first discovery of any evidence really bearing on the subject of tlio 
Milky Way By resolving portions of the /one into stars he placed the true constitution of the 
whole beyond all reasonable question, so far as the discreteness of its constituent boilirs is con 
cemed Yet it remained to determine what are the relations between the stars forming the 
Milky Way and those visible to the naked eye Sir William Herschel was the first to attuk 
this noble problem, and we owe to the labours by which he and his son Sir John Herschel base 
investigated the subject, the principal means we have of forming an opinion respecting the 
figure of the galaxy Before considering their researches, however, it will be necessary to give 
a brief account of the appearance and general characteristics of this wonderful zone of imlk> 
light We follow the account given by'Sir John Herschel 

In the northern Keavens the Milky Way is for the most part faint From Copheus oicr 
Cassiopeia, Perseus, Aunga, fee , to Monoceros it forms a single stream, save where, in Fersens 
it throws out a branch which can be traced as far .as Epsilon of that constellation, ind jirubably 
to the Pleiades and llyades Beyond Monoceros, southwards, the Milky Way becomes broader, 
brighter, and more comiihcated, opening out m Argo into a fan-like expansion some twenty 
degrees wide Hero the continuity of the stream is interrupted, a broad black nft extcniliiig 
nght across the Milky Way in this part — one of the widest and brightest be it noticed— of its 
course Beyond the nft there is another fan like expansion, whose widest part, like that of tbo 
other, abuts upon the nft As the Milky Way narrows down towards the heail of this oxpaii 
Sion, it becomes bnghter, and its outline is in places singularly well marked In Crux it 
expands again, hut in the very heart of this expansion there is a large black space, jjertertK 
clear of lucid stars and of milky light This is the Southern Coalsack Passing on ton anb 
Scorpio, we find the Milky Way dividing, close by a Centaun, into two branches, of wlutli, 
however, one only can be traced as a distinct branch for any distance This stream pas'ics 
northwards over Sagittarius, where it cxlubits a singularly rich condensation, over Aquila n here 
there are several such condensations, and thence, rapidly diminishing m brightness, to Cygniis 
The other branch, so soon os it enters Scorpio, exhibits a multitude of complicated divisions 
sub divisions, and detached portions NearAntares it throws a great projection out towards 
Libra, that is, m a direction nearly at nght angles to that of the main stream Another sub- 
division, passing towards Serpens, seems to seek the mam stream, but cannot be traced quite 
up to it, commg to on end a few degrees to the north of the star Mu Sagittaru Ketuming to 
the other stream near Cjgnus, we find it proceeding onwards to Cassiopeia, throwing out a 
projection from Cepheus towards the north pole, while from Cygnus a branch extends south- 
wards, very nch in Cygnus, but rapidly fading m bnghtness, until it comes to an end on the 
equator In most star maps this branch is earned southwards beyond the equator to meet the 
branch which termmates near ft Sagittani We have Sir John Herschel's authonty for asseio- 
ihg that the two bronchef’ do not meet , 

Thus, taking a general view of the Milky Way, we see that the account usually given, accord 
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mg to -which the galaxy forms the complete circuit of the heavens, and is double along one-half 
of its course, is mcorrcet m both respects 

It 19 necessary to make a few remarks respecting the relation between the visible stars and 
the galaxy It is commonly stated that even among the -visible stars there is a marked increase 
01 numbers m the neighbourhood of the Milky Way This opinion is founded on a statement 
made by Sir John Herschel in his Outlines of Astronomy But it is to bo remarked that in 
his great work on the southern heavens he asserts the exact reverse At p 382 of that noble 
work he remarks that on a general view of his statistical researches respecting stellar distribu- 
tion “ it appears that the tendency to greater frequency, or the mcrease of density in respect of 
statistical distribution m approaching the Milky Way, is quite im];ierceptible among stars of a 
higher magnitude than the 8th, and except on the verge of the Milky Way itself stars of the 
8th magnitude can hardly be said to participate m the general law of increase ” It is of the 
utmost importance, if we are to form just vie-ws respecting the constitution of the Milky Way, 
that this discrepancy and the iiiteriirctation of its existence slioulil be rightly understood As 
a matter of fact the visible stars ai e associated with the Milky Way as Sir John Herschel re- 
marks in his Outlines, but the association is of a iK'ciiliar character, its nature being such that 
in considering whole zones of stars parallel to the galaxy, all trace of the law of association dis- 
appears, and thus the account given in his work on the southern heavens is also justified The 
luc id stars m fact follow the complexities of figure observed in the galaxy, but show no signs of 
aggregation towards the zone to which the galactic circle is referable 

Now the importance of this fact, which becomes clearly recognisable "in well constructed 
charts of the heavens will become more clearly apparent when we consider Sir William 
Herschel’s researches into the Milky Way, and his interpretation of them 

Adopting as the basis of hia researches the hypothesis that the stais are distributed with a 
general uniformity throughout the sidereal system, so that the minute and closely congregated 
stars seen m the Milky Way are m reality as widely separated as the lucid orbs, he devised a 
simple plan for gauging the celestial depths It is clear that lE the sidereal system have limits 
and the observei use a telescope poweiful enough to roach those limits, he need only turn his 
tclosi vipe aucoossively in different directions, vnd count the number of stars (of all orders) seen 
in its field of view, to form a sufficiently exact estimate of the relative extension of the system 
lu those directions Where he sees few stars there the limits of the system must be near to 
him , where many, there the system has a groat extension Now applying this plan, Sir Wm 
Hci icliel 1 'as led to the conclusion that the sidereal system is of the figure of a cloven disc, 
the s’ln. being nearly at the centre, but somewhat nearer to its nortljern than its southern 
surfatc, and not far from the line m which the two lainime of the cloven part of the disc inter- 


sjct fciir John Herschel, applying a similar senes of reseaichcs to the southern heavens, was 
led to a fC’'oluhion not absolutely identical with that reached by his father He was led to 
believe that the stars down to about the loth or I ith magnitude, that is, all the stars within a 
sphere far more extensive than that which mcludes the lucid orbs, are spread more sparsely 
throughout space than those which form the gdactic circle Instead therefore of a cloven disc, 
the sidereal system came to be regarded by Sir John Herschel, at least as regards its richer 
portions, as a cloven flat ring 

According to both theones, however, it follows that the milky light of the galaxy comes from 
orbs situated at distances enormously exceeding those which separate ns from the faintest stars 
visihla to the naked eye Neither theory, thcicfore, affords any explanation of the fact, which 
is placed beyond all question, that the stars visible to the naked eye affect the regions covered 
by the Milky Way It is obvious that the distant stars of either theory could not in any case, 
save by the merest accident, seem specially associated with the stars visible to the naked eye, 
which lie at less than one-eighticth part of their distance from us , and accident is not a reason- 
able interpretation of repeated coincidences of this sort 

We seem forced then to conclude that the hypothesis on which the researches of both the 
Herschels were based is a mistaken one As Sir Wilham Herschel was led to suspect towards 
the close of his career as an observer, a real richness of stellar aggregation may he the true 
interpretation of the richer gauges, instead of an enormous extension of the system in the 
direction along which those gauges are obtained , or, rather, we are forced to recognise the 
turner as m many cases the true interpretation 

Unfortunately it is a legitimate deduction from this that the gauges made at the expense of 
*0 much labour by these ttvo emment astronomers, are practically valueless, at least in so far as 
ne purpose for which they were made is concerned If we have no reason to believe that a 
^neral uniformity of stellar distribution prevails, we can place jo reliance whatever on the 
tlerBchehan plan of star-gauging In counting stars the Herschels were m fact not countmg 
8uns as they suppcl&ed, but points of hght 
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It may be questioned, indeed, whether a clearer insight may not be gamed into the real 
nature of the Milky Way by the consideration of its more obvious features If we contemplate 
this wonderful zone as seen on the heavens when the sky is clear, we may be led to recognise 
peculianties of structure which are markedly opposed to the theory of Sir William Herschel 
This IS specially the case as respects the brighter parts of the galaxy in Cygnus and Aqmla It 
seems impossible to consider this part of the heavens attentively without being led to the con 
elusion that we are regarding a stream of small stars, with which the lucid stars are most m 
timately associated But it is m the southern skies rather than in our poorer heavens that the 
real character of the Milky Way is most distmotly shown. The whole of the Milky Way 
between Argo and Scorpio, as described and figured by Sir J ohn Herschel, forces on us the 
conclusion that neither the cloven disc theory nor the cloven nng theory adequately represents 
the complexity of the galaxy Whether we consider the fan-shaped expansions m Argo and the 
wide dork nft which separates them, or the well-defined boundary of the Milky Way near 
Crux, or the Coal-sack within that constellation, or the complicated structure of the galaxy over 
Scorpio, it seems impossible to accept any other interpretation than that the Milky Way consists 
of rc^l j small stars, in clustering aggregations of different figure which have been swayed by 
the attractions of the larger orbs into their present position 

Por further information on the subject of the Galaxy regarded in its relation to the sidereal 
system, &c , see Stderecd System, Star, d.e 

GALENA Native sulphide of lead, contaming 86 57 per cent, of lead and 13 43 per cent 
of sulphur It 18 tie prmcipal ore of lead 

GALILEAN TELESCOPE The form of telescope which was invented by Galileo It 
consists of an object glass and a concave cyc-glass placed within the focus , this constnictiuii 
u now seldom used for anythmg but opera glaases 

GALL See Bile 

GALLIC ACID An organic acid coutained in most astringent ports of plants It cr>s 
tallises in long silky needles, shghtly soluble in cold water, but very soluble in alcohol Formula 
C7HJOJ When heated to 215° C (419“ F ) it decomposes into pyrogallic and carbonic acids 
It IB a weak acid, and forms salts with bases. The GaUale of troii is the pnneipal constituent ot 
I^IacIc 

GALVANIC BATTERY Sea Battery, Gahamc 

GALVANIC CIRCLE A single galvanic cell together with the interpolar wire, or wire 
which joms the two metal plates, is sometimes called a galvanic circle. 

GALVANIC CIRCUIT See Circuit, Galvanic 

GALVANIC CCKRENT See Cm lent, Gahamc 

GALVANIC PAIR A single cell of a battery (see Battery, Galvanic,) containmg the pmr 
of metals, such os zinc and copper, and the excitmg liquid, such as sulphunc acid, is frequently 
spoken of as a Galvanic Pair 

GALVANIC PILE See Pile, Galvanic 

GALVANIC SPARK. Sec Sparl, Galvanic. 

GALVANISM That part of electric science, which is concerned with current olectncity, 
is often treated of under the name Galvatmm, (from Galvani, professor of anatomy at Bologna, 
*790, the first inv^tigator in this field) Galvani was engaged m examining the supposed 
connection between electricity and animal life, when he was struck by an observation of his 
wife that the limbs of some frogs, which had been skinned for eating, and, by chance, platod 
near to an eleotnc machine, contracted every time a spark passed from the machine Gahaiu 
determined to pursue the matter further, and was soon led to the discovery that the thighs of 
a frog, skinned and suspended, would servo for a very delicate electroscope, on the same pnn 
ciple as the double gold-leaf electroscope {qv ) It was while employing them for this puipose 
that he chanced upon a further discovery H«s had suspended some pairs of limbs upon im 
iron rail, and was employed m testing for atmospheric electricity with their aid, when he noticed 
contraction takmg place, which he could not account for by its presence On looking further 
he found that these contractions occurred when the lumbar nerves were connected metallicallr 
with the crural muscles Galvam immediately attributed the contraction to electricity, ana 
beheved that the electricity, which he supposed to be the vital fluid, passed from the nerves to 
the muscles by means of '^e metallic connection, and by its discharge mto them caused the 
motion. . , 

The discovery of Galvani soon produced a host of mquirers, and the hypothesis which he 
put forward to account for it a host of opponents and of supporters The physiologist^ as a 
rule, accepted hu theory, a^d the most celebrated of those who denied it was Volta, professor 
of fibysicsiat Pavia Mt* aoticmg that the contraction in the limbs of the frog were more 
violent when the metallic connection between tbe muscles and nerves 49 composed of tw 



GAL 


261 


GAL 


metala joined together, attnbuted the production of electricity to the metals, and showed that 
the presence of the limbs of the frog is unnecessary, m a way that will be explained imme- 
diately A memorable contest thereupon arose, and Galvani finally proved the existence of 
owimftl electricity (see Electncity, Animal), though obhged to admit that, at least, part of the 
phenomena he had noticed are nut dependent on it 

The following is what is commonly known as Volta’s Fundamental Ea^penment — Having pre- 
pared a bar composed of a rod of zinc, and a rod of copper jomed end to end, he held one end 
of the bar in his hand, and apphed the other to one of the plates of hia newly mvented condens- 
ing electroscope (see Electroscope and Condenser), while he placed the other hand on the other 
plate He then removed his hand from the electroscope plate, afterwards withdrew the 
metal rod from the other plate, and finally raised the top plate of the electroscope from the other 
On doing so, he found the electroscope charged, and he accounted for the phenomenon by sup- 
posing that, at the junction of the two metals, there is a disturbance of electric equilibrium 
whereby the copper and zinc become appositely electrified Ha looked upon the junction of 
the pair of metals as the jjlace inhere the electric excitement takes its nse, and considered the 
limbs of tbe frog in Galvani s experiment merely as a conductor through which a flow of elec- 
tncity takes pi ice « 

With this theory to guide him, Volta constructed his pile in the year 1800 Considenng that 
a smgle pair of metals produce Imt little effect, he saw that, by placing a series of pairs with a 
conductor between each pair, he would obtain a discharge of increased jiower He therefore 
constructed a pile consisting of pairs of zinc and silver placed m a constant order, inserting 
between each pair a piece of cardboard wet with water , and he obtained by means of it 
jiowerful effects in his electroscope, and on application to frogs’ limbs, and with about forty 
pairs received a shock m the hands and arms The power of the pile remained as long as the 
cai<11)oird was sufficieiitly wet The pile was described m two letters to Sir Joseph Banks, 
which ira m the Philosophical Transactions for 1800 
Very shonly after, Nicholson and Carlisle in England apphed an mstrmnent, known as 
N icholson s Revolvmg Doubler (an electno machine founded upon statical induction, and fitted 
fo. lulicate eluctnc testing), to tbe pile, and showed that the silver end la negatively, and the 
/int end positively electrified * 

AVhile cxpenmenting with the pile, these naturalists had immersed the ends of wires coming 
frciii t’le extremities of it in water, mtendmg to make the water a portion of the conducting 
1 11 cult, when they were struck by seeing small bubbles of gas given off from one of them 
This 't d to the discovery of electrolytic decomposition (see Electrolysis), and six years after 
(ib ij) m the hands of Sir Humphry Davy, to the decomposition of fiotash and other oxides, 
till then supposed to be elements, and to the isolation of the metals which correspond to those 

OXlflcS 

Nicholson and Carlisle also observeil chemical decomposition going on within the pile, and 
Davy put forward a theory which attributes the electric excitement to chemical action This 
was the ongm of the celebrated Chemical Theory, which la opposed to Volta’a Contact Theory, 
and which had for its supporters Wollaston, Parrot, De la Rive, Faraday There is still 
division as to the merits of the two theories , but the greatest authorities are in favour of 
Volta’s Contact Theory, modified, or rather supplemented, m accordance with our present 
knowledge of facta, and with the known laws of the correlation of forcea 
The fundamental principle of the chemical theory is that in tbe chemical action of a liquid 
upon a metal, the metal la charged with negative, and the liquid with positive, electncity In 
the case, then, of the pile which conalats of a senes of zinc, moistened paper, and silver diaca 
arranged as represented— 

-z/sz/sz/s,+ 

where Z, /, and S repreaent zinc, fluid, and silver respectively, the first Z becomes negatively 
electrified, and the first f positively, at the surface of contact between them , the fluid by 
electrolytic dischaige (for a theory of electrolytic discharge, see GroM/usd Hypothesis) com- 
miinicatcs this charge to the silver, and the silver by conduction communicates it to the next 
zinc , at the second surface of contact between the zinc and fluid a still higher state of electric 
®*®i*inent is produced, and so on, till finally, between the last silver and the first zme, a high 
difference in electric state exists, and, on. connectmg them together by means of a wire dis- 
charge, takes place through it. But no sooner ban that occurred than a fresh charging by means 

_ii Diia Btatemcnt Is apparently at variance with the or^linszy phiaseolocv which calls the silver end of the 
positive, and the zuic end negative The explanation will be found below, where It is shown that.two of 
e plates, an external zinc, and an external silver plate, are now unused, being of no Importance to tha 
“•*■> 801116111 . • 
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of new chemical action commences, and if the wire he ag.iin applied, a new discharge through 
It is obtained , or, lastly, if the ends of the pile be kept continually comiected by the wire, coii- 
tmuous action goes on, which is called a flaw of electricity The chemical theory is very fully 
stated and argued for in the treatise on electricity, by M De la Rive, vol n , chap 3 

According to the contact theory of the pile the seat of action is at the surface of contact of 
the two metals Volta showed, and though it has been denied, and though attempts to explain 
it away are made by the supporters «’f the chemical theory, it is completely established, that 
on bringing together two different metals there is electrical disturbance, one of them beconiun' 
positively, and the other negatively, electrified Thus we have seen that in Volta’s fuiidi^ 
mental experiment the condensing electroscope was charged by means of a compound bar nf 
zme and copper The zinc, in fact, becomes positively, and the copper negatively, eicctnfaed 
Volta considered that the olBce of the liqmd is to conduct the electricity, and constructed his 
pile as represented below — 

SZ/SZ/SZ/SZ 

Retween the first silver and the first /me a diffcience of electric state is produced by the ten 
dency of the zinc to become positive with regard to the silver, the fluid, being a conductor, 
raises the second silver to the same state as the first zme , at the next surface a further dis- 
turbance takes place, and the second zinc becomes still more highly excited in comparison with 
the first silver, than was the first zinc , the same occurs throughout the whole of the senes, and 
the last /mo is put m a high state of electric excitement with respect to the first silver, and on 
connecting with a w&e discharge takes x'lace But the office of the liquid is not simply that of 
a conductor, tho discharge through it takes place electrolytically, chemical action going on at 
the zinc surface , and it is owing to this chemical actum, that a current is ke^it up, the occur 
lence of which would otherwise be at variance with the laws of correlation of forces In onlei 
to comxilete what has been said with regard to the construction of Volta’s pile, it is to be 
remarked that the extreme plates of zme and silver represented above are uimccessaiy , for it 
will be noticed that, on connecting them by a wire, the tendency of the last zinc anil first silver 
18 opposite in direction to that of all the other pans , and hence, though thcro is one more jiair 
by number, there is no additional effect Tlio x>ile complete then stands thus — 

^Z/SZ/SZ/ 3 ^ 

Experiments on the contact electricity of metals were made by Sir W Thomson and Dr 
Joule, and ore described in the Proceedings of the Literary and Philosophical Society in Man 
Chester, and a more recKnt paper on tho same subject is published m the Proceedings of the 
Royal Society for i860 

According to the plan of this work the various subjects connected with galvanism arc 
treated of under the various names which refer to them Thus the articles on Current, liUctrtc, 
Battery, Galvanic, Electro-Dynamics, Magneto EUch icity, d.c , Electrotype, Telegraph, Ekelnc, 
and so on, may be consulted for information on these pomts 
GALVANIZED IRON See Zinc 

GALVANOMETER (/torpor, a measure ) An instrument for detecting tbe existence of, 
and determining tho direction and tho strength of an electric current In all galvanometers 
the princiiile of the action is the same It deiiends upon the force which CEi-sted discovered to 
be exerted between a magnetic needle and a wire carrying a current, a force which tends to 
set the needle at right angles to the direction of the current, and whose intensity, other things 
remaimng the same, depends directly upon the strength of the current (See Electro- 
dynamics ) 

There are several forms of galvanometer, of these the astatic galvanometer is described under 
its more common name of Multiplier Here we shall give an account of the Tangent Galvan- 
ometer, the li^fiecting Galvanometer, and tlie Marine Galvanometer 

(a ) The Tangent Galvanometer In this mstrument a very short needle is delicately sup- 
ported so as to move m a horizontal place over a circle divided mto degrees The point u}ion 
which the needle turns is placed at tho centre of a vertical circle of very thick copper wire 
through which the current passes, entering and leaving it by two bindmg screws The length 
of the needle is not more than a tenth of the diameter of the copper circle, and for convemence 
of observation very light pomters are frequently attached to its ends In order to use the 
instrument it is placed with the plane of the vortical circle parallel to the Ime in which the 
needle points, that is, to the magnetic meridian, and the current is sent through the circuit 
The needle is deviated to one side or other, and from notmg to which side the north end goes 
the directum of the curreiif is determmed according to Ampbre’s rule, {q v) , the angle of 
deviation is also noted, and from this the ttrength of the current is inferred. • Eor it admits of 
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proof that m the instrument we have described, if the length of the needle be small compared 
^th the diameter of the circle in which the current passes, then the strength of tho current is 
proportional to the tangent of the angle through which the needle turns Hence the name Tangent 
Galionometer 

In the Reflecting Galvanometer of Sir Wilham Thomson a very small, light needle, made 
of a short piece of fine watch-spring, is suspended by a single silk fibre at the centre of a coil of 
insulated copper wire To the needle a very hght mirror two or three tenths of an inch in 
diameter is cemented, the needle, mirror, and cement, together weighing but a few grams The 
mirror is concave and concentrates a beam of light to a focus about 40 inches (l metre)- 
distant At this distance is placed a horizontal scalu with a slit at the centie and a lamp behind 
it, and the image of the slit refteoted back by the mirror falls upon the scale and mdicates m 
this way the position of the needle lUither by means of the action of terrestial magnetism, 
or with the assistance of fixed magnets, the length of the needle m its natural position is 
pjiallel to the plane of the coils of tho wire, and from what has been said it will be understood 
that a current passing through the wire deflects it , the angle through which it turns depending 
upon the strength of the rurrent It is easy to show that the angle read off on the scale is 
double of that through which the needle turns 

(v) The Mai me Galianomtter is also an mvcntion of Sir W Thomson It is, m fact, a re- 
flecting galvanometer peculiarly adapted to use at sea , an mstruincnt being required 111 the 
laying of submarine cables which should be at the same time of the utmost delicacy for testing 
purposes, and should not be affected by the movements of the ship The general constniction 
of the marine galvanometer is much the same as that of the instrument we have just described 
The mode of suspension of the needle differs m that the needle and minor are attached to a 
lertical sdk fibre stretched between two points, the line of suspension passing as accurately as 
possible through the centre of gravity The mirror and needle weighing only a few grains, the 
lolling of the ship does not alter their position so far as the instrument is concerned In order 
to avoid the influence of the magnetism of the earth and of the ship the whole instrument is 
entlo pd m a case of wrought iron having only a window in front for the hght to pass through 
to till inirroi The adjustment of the mirror to zero is accomjdished by means of magnetic 
bars jilaccd inside the case , and the position, of them can be altered by means of screws so as 
to make the instrument more or less sensitive as required 

Ikiidcj the instruments which WG have described there are a few others which are more 
rarely, cnipl jyea Thus there is the Sine Galvanometer, whose construction is much like that of 
the tangent galvanometer, but the method of using which is somewhat different Th** name is 
denvoil Lorn the fact that the strength of the current is propoitioual to* the sine of the angle 
observed 

There are "Iso indicators which, without measurmg a current, show that there is or that there 
IS not a current passing through them , and there are diferential galvanometers in which two 
currents act upon the needle at once, tending to turn it m opposite directions, 'and their strength 
ari, compared by means of the instrument , but for description of these we must refer the 
reader to the various detailed works upon the subject of electricity 

(i AM ITT, or Musical Scale If two notes are sounded together the ear is gratified 
when the number of vibrations per second of the one note stands in some simple arithmetical 
relation to that of the other Hence if we start with n note which consists of say 132 vibra- 
tions per second (C), and examme the notes whose vibrations stand m the simplest relations to 
this, we find a senes of numbers, 164, 33, 66, 132, 264, 528, &c , each of which is the double of 
the preceding number and half of the succeeding one Hach note, therefore, is an octave above 
one and below the other of its neighbours, and any two -will form a harmonious combination 
when sounded simultaneously In general terms, if m be tho number of vibrations of a given 
note, the niuntier of -vibrations of a note n octaves above it -will be m 2" , and that of a note n octaves 


below will be — . In m-usical instruments whoso notes are limited m number and defimte, the 

interval between one of these fundamental notes and its neighbouring octave is divided into 
twelve intervals The method employed is either that of " equal temperament ” or that of as 
tar as is possible harmonic division In the first system, every note must have or i 05964 
tunes as many -vibrations as the lower neighbouring note In the harmonic division of the 
octave mterv^ certain leading notes are fixed in the interval, whose pitch bears the simplest 
possible relation to the two extremes, as 5/6, 4/5, 3/4, 2/3, and the remaining notes ore mter- 
polated in such a manner -that the secondary notes may have as nearly as possible a similar 
^uple relation to one another These subdivisions are not always the same. The methpd of 
oqual temperament promises to supenede the others. 

^ABLIO, OII^ op. See AUgl Alcohol, 
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GAS BATTERY In this form of battery, constructed by Grove, advantage is taken of the 
current produced when two plates of platmuni, which have been used as electrodes m a cell for 
decomposing water, are connected together Jjet two such plates, one of which has formed the 
negative electrode, or that at which %drogen is given off, and the other the positive electrode 
at which oxygen is liberated, be placed in water acidulated with sulphuric acid, and let them be 
connected with the terminals of a galvanometer, it will be found that a current proceeds from 
the hydrogen plate through the hquul to the oxygen plate The explanation of this phenomenon 
IB that hydrogen and oxygen are deposited on the platmum plates in an active condition dm me 
the decomposition of water (See Phitea, Polanzatum of) The hydrogen has a great tendency 
to combine with oxygen, and the oxygen a great tendency to combme with hydrogen This 
gives rise to chemical action and a current between the plates The gas battery construeted 
to utihse this current consists of cells which are constructed m the following way Two 
glass tubes, closed at one end, each having a platmum nbbon extending along its whulu 
length, and supported by a platinum wire passing through the closed end of the glass, are filled 
and inverted m a suitable vessel containing sulphuric acid and water, and by means of the wuls 
paasmg through the gloss a battery is appbed, and the tubes are filled, one with oxygen, the 
other with hydrogen (See £lectroli/srs ) The battery is then cast off, and if the wiies from 
the tubes containing the gases be connected with the galvanometer, a current is observed to 
take place as has been described At the same time the gas in the tubes is seen to be consumed, 
and it IB gradually turned into water agam, the current flowing tdl all the gas has been used up 
The gas battery is made by connecting several of their cells together, oxygen to hydrogen, and 
then passing the current through them all at once from a sufficient battery With eight or ten 
cells sparks may be obtamed, and the ordinary phenomena of chemical decomposition may be 
exhibited 

GASES, ABSORPTION OF, BY SOLIDS AND LIQUIDS (AlsorJjeo, to suck up ) 
Absorption, which plays so important a pntt m the arrangement of nature, appears to be a sort 
of penetration of the molecules, or ratlici of inmute portions, of one kind of matter within pores 
or interstices of another When a porous liody such as charcoal is placed under favourable cii 
cumstances in a vessel containing a gas or vaiwiir, it has the power of condensing within its 
pores an enormous volume of the gas or vapour, frequently of diminishing the bulk of the gis 
which it takes up, to an extent greater than that which would turn the gas mto a liquid , and 
this absorption is not a cheimcal action, though the amount of it depends on the nature of tbe 
Bohd or liquid, and on the nature of the gas, for the chemical properties of neither is changed, 
and the gas may be wholly or almost wholly recovered with the aid of an air-pump 

Charcoal is a body ifhich has a very great absorjitive power De Saussure in 1812 mule a 
series of experiments with that body, and his results have been confirmed and extended by Dr 
R A Smith and Mr Hunter Mr Hunter has made a large number of experiments on tilt 
subject which are pubhshed in the Plnlosaphital Mai/azine, 1863 and 1865, and in the Junrind 
of the Chemical Society for 1865, 1867, and 1868 The latter are concern^ with the absoqition 
of the vapours of bodies, liquid or solid, at ordmary temperatures. In the following table bj 
Saussure, taken from Miller's ElemrnUof Chatastnj, the volumes of different gases abhuibcd 
by freshly burned boxwood charcoal are given, the volume of the charcoal being taken oi) 1 
The experiment is made by mtroducing charcoal red-hot under the surface of mercury, and, 
vnthout exposmg it to the air, possmg it into a vessel mverted over the mercury and containing 
the gas. The dumnution of volume is thus noted — 


AbSOBFTIOK op GxBEB BI CHABCOAIb 


Ammonia, . • ■ 

^ olumei. 

. 90 

Olefiant Gas, . 

Volumes 

. . 35 

Hydrochloric Acid, 

. 8 s 

Carbonic Oxide, . 

. . 94 

SidphurouB Acid Gas, 

• 65 

Oxygen, . 

. . 92 

Sulphuretted Hydrogen, 

• 55 

Nitrogen, . . 

. 75 

Nitrous Oxide, 

. 40 

Marsh Ga^ 

50 

Carbonic Acid Gas, 

35 

Hydrogen, 

. . 17 


Different kinds of charcoal have different powers of absorption Thus Hunter showed that 
while boxwood charcoal absorbs 85 6 volumes of ammonia gas, logwood charcoal absorbs 3 
vols , ebony charcoal, 106 7 vols , and charcoal made from the shell of the cocoa-nut, 171 7 
But by far the most mteresting case of absorption by solids is thalT of the absorption of gases 
by the metals For the investigation and expLmation of what we now know on the subject, we 
axe indebted to the late Master of the Mint, Professor Graham. The powers which spongy 
platinum has of condensifl^ gases at its surface has long been known A jet of hydrogen 
allowed to fall upon a smidl mass of spongy platmum, by its condensation itum the platimun 
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to an intense heat, and, if there be oxygen present, becomes ignited This fact is made use ut 
in the Dobereiner’s lamp Or if a slip of platinum foil bo held in the flame of a Bunsen's 
burner till it is thoroughly cleaned, and if the flame be then extinguished and the foil be allowed 
to hong within the tube, while the ms mixed with air rises around it, it will be found to glow 
1 r any length of time for a similar Reason But Deville and Troost showed that hydrogen is 
absorbed into iron and platinum when hot, and Graham, m May 1867, showed that m&tooiic iron 
(^ntains hydrogen, having been probably, if not certainly, cooled in an atmosphere of that gas 
Graham shewed also that hydrogen gas passes through heated platinum He found that thiough 
a plate of platmum, in size one square metre and i l millimetre thick, 489 2 cubic centimetres 
of the gas passed m one mmute . He considered that the gas was absorbed as a liquid and then 
given out on the other side On examining the power of absorption for hydrogen of platinum in 
different forms he found wrought platmum, when heated and allowed to cool in the gas, to take up 
c 53 volumes , hammered platinum, 2 28 to 3 79 vols , fused platuiiim, o 171 of its own volume 
gen and the other gases are scarcely, if at all, absorbable by tbe metal In the case of palla- 
diiun, however, ho was led to a most unexpected result In a paper of May 1868 he showed that 
palladium, when made the negative electrode of a galvanic battery, so that hydrogen is set free 
uiioii its surface, takes up 935 volumes of the gas, or o 723 parts I y weight , that the properties 
i>f palladium are much altered by the absorption of hydrogen, and conLliided that hydrogen thus 
coiulLnsed becomes a metal which he names hijdroyeinvAn, and whoso apccifio gravity ho Lalcii- 
lated as l 708 Graham was led by these and smiilar experunents to tlie division of metals 
mb' crystalloid and colloid, and believed that the passage of hydrogen into palladium is analogous 
to the iliffusion of a liquid through a colloid body We must refer the reader for details ou this 
most interesting subject to his papers published m the Brocccdmga of the Iloyal Society, whieh 
no have mentioned above, and to two read m January and Juno i86g 
On the subject of the absorption of gases by liquids the researches of Bunsen are by far the 
most complete Bunsen examines the laws of al»oiq>tion of a gas by a liquid when the bodies 
('i luut act chemieaUy upon each othet He determined the value of what is called the 
(/(I’/wptww for various gases , that is, the quantity of the gas which is absorbed by tbi unit 
Mill 0 of a given liquid at standard temperature (o" 0 , 32° F ), and pressure (766"“ , 29 92*" ), 
iril established the laws according to which the amount of absorption la altered by a change in 
tiinperature and pressure The following table from Miller’s Elenients of Ckmtstry gives the 
i'oil*<ic 'ts of absorption for vanous gases in water and alcohol The results are those of 
buui-cn and Conus — 


Volumes of Gas Absorbed bs one Volume of 


• 

• 

I 

1 

< 


• 

Water 

1049 Co 

Alcohol 

Ilydrochlonc Acid Gas, 


• 

5059 


Sulphurous Acid Gas, . 


• 

68861 

328 62 

Sulphuretted Hydrogen, 


• 

43706 

17891 

Carbonic Acid Gas, . 


• 

I 79C7 

4 J-J 9 S 

Nitrous Oxide, . . 


» 

13052 

4 1780 

Olefiant Gas, . . 


• 

02563 

3 5950 

Nitric Oxide, . . 


• 

031606 

Marsh Gas, . . . 

Carbomc Oxide, . 


• 

005449 

052259 


• 

0 03287 

020443 

Oxygen, 


• 

0 041 14 

028397 

Nitrogen, 



0 OZ035 

0 12634 

Air, « • • • 

Hydrogen, . 


• 

0 02471 



• 

001930 

006925 


Bunsen showed that if the temperature is constant the weight of the gas absorbed vanes 
■hrectly with the pressure, a law which was given first b / Dr, Henry , and that the quantity of 
the gas absorbed diminishes with the pressure , and he gave a formula, with constants obtained 
by observation, for calculatmg the quantity abrorbed at any temperature, the pressure remaining 
^ustaut We must refer the readers to Bunsen’s ongmal papers in Liebig’s Annalen, and in the 
PhUosophuxU Moffcaine, 1855, and to Oatometne Methods, by R Bunsen, translated by Roscoe, 
•or details and niunbeis 

^ When a mixture of gases'is m contact with a liquid the amount absorbed of each is propor- 
bonal to its volume in the mixture multiplied by its coefficient of absorption, corrected, of 
for temperature and pressure. Thus, in tbe case of common air, dissolved In water, the 
Proportion of oxygqp to that of mtrogen, at 60” F., is 40 to 66 , while the oonstituents of air 
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are mixed in the proportion of i to 5, roughly speaking This observation will be found to 
with the rule just given “ 

In nature the absorption of gases by liquids is of the highest importance It is by the air 
absorbed in water that submarine plants and animals are sustained The life of trees depimla 
upon the absorjition of caibonic acid from the air , and in the lungs of the higher animals it u 
by absorption that oxygen is caminiiTiicated to the blood 

GAS, DIMINUTION OF LIGHT OF, liY ADMIXTURE OF AIR See Bmimtm 
of lAfjlit of Gua hy Admixture of An, 

GAS lONGINE This name is given to a class of engines of small power which arc worked 
by the ignition of coal gas mixed ivith air There are several varieties m conimun use , the 
mam features however are the same in all The construction of a gas engine is UMiallj tin 
same as a liori/ontal steam engine in all respects, excepting m the parts for conveying utrr 
iiately to the right and left of the piston gas instead of steam The gas is not usually led from 
the main directly into the cylinder, but w admitted m measured quautilies into a kind of ii-si 1 
from which it P.I.SSUS drst iiiti^ a small mixing chamber, where it is mixed with the rL(|inu<l 
quantity of air, and then intq tlie Cylinder, its admission being governed by a slide a.ilic l,i 
some engines, of vtlnch the Ltnon (jim-uvjine may be taken as the type, the gas is iguitcd la 
an electric spark which IS caused to p^ss at the proper instant witliin the cylmucr In tiiL 
Jliit/on iwjinc the ignition is (flfcctcil by* two small gas jets carried in the recesses of the s 1 1 
valve, one for each end of the cylinders These jets are supplied with gas by short flev hit, 
tubes which accommodate themselves ^hc movement of the valve Each jet, as it in ti m 
effects the Ignition of the explosive mixture, is cxtiuguished , but at eacbst'oke thercu'"-L- 
coiitaining the gas-jets arc 'brought outside the respective ends of the faces between which Ihe 
valve woiks where the moyeablo jets are re-lit by fixed jets which aie kept permanently burning 
A spray of water is admitted into the c yhndei at each stroke, and being converted by tht heat 
of the cylinder into steiufi idds to the power of the engine, and acts as a lubricator. 

GAHES, EL ASTICI'r Y OF See I laati. tty of Oasts 

GASES, INDEX Oli' REFRACTION OF (loses refract light which enters them from 
a medium of diffeieut density, as 111 the case of solids and liquids (See Table of lirj)ailat 
Indices of Gases, JCep action. Index of ) 

GASES OF BLAST FURNACES .See Bon 

GASES, RESISTANCE OF, TO MOVING BODIES Sec Kesiatance of Gases to Mum y 

JJodies 


GASES, SIDE PRESSURE OF MOVING See Side Pressure of Mminy Gases 
GASES, SPEt'TJtA OF INCANDESCENT See Geisslei's Tubes 
GASES, WEIGHT OF Sec Weiyht of Gases 

GASOMETER is the name usually gixeii to the apparatus employed in laboratoriLS tur 
collecting, storing, and approMiiiately lueasunng cunsidcrablo quantities of gases It is al-u 
used for the large reservoir emidoyed for culleeting .uul distributing coal gaa used for dluiuins 
ting purposes Tlie gasometer of the laboratory consists essentially of an iron cylmdiieil 1 
dosed at top and bottom, above wbieh is supjiorted a cylindrical trough A hole in.ir tl* 
bottom of the cylinder can be closed by a screw (a ) Near the top of the cylinder is a cock (h) ( 'in 
municating with the outer air Two tubes communicate between the cybndcr and the tioii-'h , 
the one (i ) readies down to the bottom of the cylinder, the other (d) passes only just through its 
ujijier end , both are provided with cocks Finally, a glass tube runnmg parallel to the c\ In h r 
and dose to its side communicates with the top and bottom of it This serves as a gang' h'r 
seeing how full the gasometer is of gas If the g.asometer be filled with water, and all tlie <.oi ks 
be shut, the screw plug (a) may be opeued without the water coming out on account of tlie atni'" 
pberic pressure The end of a gas delivery tulie may be inserted into this hole and the g-is 
collected, water of course flows out at the hole "When the vessel is full the ping may bt 
serted and the upper trough filled with water On opening the cock (c) the air in the gasoim-Ur 
will be put under pi essure, and it may be collected or used as it issues by opemng the cocks, or u ) 

GASSIOT’S TUBES See Vacuum Tubes 
GAUSS’ MAGNETOMETER See Balance, Biflar 

GEISSLER’S TUBF3 (So named from the manufacturer ) When gases are highly ran 
fied they conduct electricity of high tension, and the minute residue of each particular 
remaining in a so-called vacuum gives very characteristic colours, aud spectrum phenomena a 
Geissler’s tube consists of a hard glass tube cnntaming what is technically known as an 
vacuum, a nitrogen vaenuin, a hydrogen vacuum, a carbonic acid vacuum, &c , and fumi-'O 
at each end with a platinum, w ire passing through the glass The inner extremities «i t"® 
platinum are generally ^nuected with aluminium wire If a Geissler’s tube is contracW 
any portion the lummous appearance la greatly mtensified, and if glass of difierent compeeitie 
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. eiuplo\ed for different portions of tlio tube (Uraniam filass for instance), the pliciioinen.i of 
ri^iuiresce'iice and consequent change of tint are very striking For exhibition these tubes aie 
laile of an endless variety of fmms and shapes and contain spirals, crosses, globes, v i^ls, and 
itner devices inside them The current is supplied from an induction coil, and when of appro- 
^ i.ite stiength, and the vacuum tube suitable, veiy beautiful stratifications are seen to < los-, the 
tulie The light from a caihonic acid vacuum endosed m a narrow spiral tube, is suHuiiiitly 
powerful to be used as an illuininatiiig agent, under special circumstances where uthci sources 
|if li flit wou’ 1 be inapplicable, such as for illuminating cavities in the human body for surgical 
iiociatioiis When the light from these tubes is examined in the spectroscope, it gives a spcctiuin 
iitcuhar to each gas Under certain conditions of tempcratuie and pressuie, the spectium of 
ii.iuie gases suddenly changes (See SpeUta of the Fust, Second, and Thud ihda , see also 
ypptlutscope , Spectrum, Analysis , Vacuum Tubes) 
tJEbVriN A pale yellow translucent substance, somewhat elastic and vitreous, obtained 
from bones, cartilage, amd other animal substances Isinsrliss is a veiy pure kind of gel itin 
oht lined from tbe sturgeon, while common glue la .in inipuie kind cbt.aiiied from rofiisi animal 
in.ittci Gelatin is msuluble in cold water, but swells iiid increases veiy much iii weight iiftiT 
Milking in It, forming a jelly This dissolves in hot watm A very dilute solution of gelatin 
Ills the pioperty of gelatinising when cold, but piolonged boiling destroys tins power 'I'hc 
Liiiiipositiou of gelatin is not definitely ascci tamed 

(The Twins) A sign of the Zisbac The sun enters this sign on about the 
’1st of May, leaving it on about the aist of June Also, a consti llation, occupying the 
..nliacal region corresponding to the sign Cancer The pimcipal atii-s of \his i iinstcU.itioii 
must have \aricd little in relative biilli.iney since the tinio when th< ir quality tiist Kut'gistid 
tlic name of the asteiisin, as they are at present iieaily orpial in liistic J’olUi\. is slightly thi 
l'ii,liti r, however It is a coarse quadruple star Castor la one of the finest double st.iis iii 
the luauns 


il I tU'JiNTElO {yri, the earth, and Kivrpov, centre) A term used in astronomy to 
<.v|ii ^s the position or motions of the various mcmlxns of the solar system rcfcircd to the 
t u < ' < centre Thu apparent motion of the muon, .is seen fioin .uiy jdacc on the cai tli's suif ic< , 
tbtiir'i .appreciably from the moon's calcul.ated geocontiic motion As regards the other inciii- 
b Is of the solar system, however, the gcoccntno iiiutiou is nut consulcrcd by way of compaiisoii 
iiitli the .apparent motion, but as distinguished fiom the heliorcutnt mutton, (yr) 'J'In 
'/'"•iiitiit hmtjiti'de of a planet is the angle mcludcd between two planes, both passing through 
t i 'ithV centre and at right angles to the ecliptic pkine, one jiassiiig through the jiliucts 
I 111 I a>id the other through the fust ixnnt of Aiies It is lucisiiicd the fust jil.iiic to 

till second, in the order of the signs The r/eoccntiu httilude of .1 jilinet is the angle which a 
bile jiuinng the centres of the earth and jilanct, makes with the piano of the ucbiitu, .ind is 
r<.i.kii'ud r.oith Oi south, according as the pi met lies to the noitli 01 the south of tlic ecliptic 
'iLODJiihY (7^, the earth, and baiw, to divide) In inodcin scuiico, geodisy (i>rii|iic- 
li- nils all those geometrical and tr1gonomct11c.1l pmccssis by whuli tlio caitli's siiifacc is 
nil k'Urcd and surveyed It is on tbe coinpanMoii of hucIi me ihuic incuts with tin* icsults of 
•vtui]iriiji|(,al observations mdicating the iclation between tlie points nu asiiii d luul the ci Icstial 
'I'hirt, that the determmation of the earth’s figure priiiciii illy dciii iids 'J'liiis gcoilcsy will tell 
uh that a certain line, measured from north to south, h is a dctciiniiiatc length, but not wh.it its 
lijpire may be , astronomy, by showing that the hon/oii [ilaiic at one i ml of the line dilfi ih m 
I»''itiim from the horizon jilane at the other, and also tliat this ch.ange of position of the 
hi in/iin plane accrues uniformly along the line, shows that tho line is the arc of a ciicio The 
description of the instruments used in geodesy belongs to matheiiiatics, lutlier than to jiliysical 
K-itiice , but many physical considerations have to be very caiefiilly atti iidcd to ingiiidcHy 
Amongst these we may note in particulai— (l ) Those winch determine llie laws of the expan- 
‘■lon and contraction of metals under vanations of tcmjicrature, (sco hjcjtunsum) , and (2 ) Tho 
■ffirU of atmospheric refraction under diffcieut circumstances of pressure, tctiipci.iturc, and 
humidity 

bhUilGIUM SIDUS The name given by Sir Wm Herschel to the planet Uranus, 
uhich he discovered The name has long since become obsolete 
J • EOS FATIC ARCH See Arch 

OhYSERb (Derived from an Icelandic woril, signifying roanny ) Hot springs in Ice- 
*“ 5 d, which project masses ,of hot water, earth, &c , at intervals from then dcjiths These 
S'uiigH follow the range of active volcanoes belonging to the J okull or ley Mountains Fro- 
judall thus describes the chief cliaractenstics of the region where the Geysers aro found 
h rotn the ndges and chasms which diverge from the mountains enormous masses of steam 
'^ue at mtervals, biyamg and roarmg , and when the escape occurs at the mouth of a cavern, 
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tlie lesonaace of tlio cave often raises the sound to the loudness of thunder Lower donn 
the more porous strata, we have smoking mud-pools, where a repulsive blue-black alumm'iiiJ 
paste IS boiled, nsmg at times in huge babbles, which, on bursting, scatter their slimy R[)in\ to 
a height of 15 or 20 feet From the base of the hills upwards extend the glaciers, and ' 
these are the snow-fields which crown the summits From the arches and fissures of the 
glaciers vast masses of water issue, falling at times in cascades over walls of ice, anti sjiuiilinT 
for miles over the conntiy before they find definite outlet ” It is beneajih the monisscs thiw 
formed that the volcamc rocks lie, to whose heat the production of the Geysers is pmui'^Iv 
due. 

The explanation of the phenomena presented by Geysers is duo to Professor Bunsen It miy 
be thus presented — Beneath a geyser basin there is a tnbe filled, as is the basin in part, nith 
water at a high temperature With the processes which have led to the formation of this tul 
we arc not here concerned it is necessary to note, however, that the tube is conimiiiiRati il 
with by ducts from below, in which steam is geuerated from time to time by the heat of the 
subjacent rock But although the water in the tube is always hot, yet we must ooncciic f)f it 
as not heated at any time (nbt even just before an explosion) to the boiling point due to the 
pressure at each level throughout the tube The water is hottest at the bottom of the tulic 
where the pressure is greatest, and therefore the boiling point highest From this point ujiw ir Is 
the heat diminishes, but loss rapidly below than higher uj) Hence at a certain height the In at 
approaches the boiling point nearer than at any height cither above or below that point Xnvv 
let us consider thniesult of this state of tlimgs It is probable that if notlung occurred to 
interfere with the heating process, the boiling point would be reached at some part of the tulu , 
with results not differing remarkably from those which actually take place But Piuft'-ni 
Bunsen has been able to determine the heat of the water a few minutes before explosion niid 
he finds that at no part of the tube does the water actually reach the boding point Froi.i tiiuo 
to time, as we have said, there is an innish of steam through the ducts, followed by the nil of 
the water in the tube, the level of the water m the basin being obviously disturbed No«, 
suppose one of these inrushes to so raise the water m the tube that as the tipper p at of tin. 
raised water seeks its level in the basin, the pressure on the lower parts is diminished siithci 
ently to bring the boiling point of the water near the middle of the tube below the ictinl 
temperature The water is then mimcdiately converted into steam at this point, tin nater 
above that point is further raised, and the pressure on the water below that point 1“ fiirtln r 
i educed, and 18 thus brought below the boding jximt Hence all the water below the jHiiiit 
where steam was first formed is suddenly converted into steam , the water above is burled furtli 
enveloped amid cloufis of eteam , and “wo have the Geyser eruption m all its gramhur" 
After the cmption, the water, cooled by contact with the air, returns into the basin, and par- 
tially refills the tube It then gradually rises m the tubo until the same state of thinc'a la 
restored as at first , to bo followed by ebullitions, by “futile attempts at eruption," and at Iciigtli, 
when the water in the tiilie is sufficiently haated, by a complete eruption as before 

GIMBALS or GIMBALDS A name given to a pair of copper rings, within v.huh tie 
mannci's compass is slung, and which support it in such a way that the needle and card rcinain 
hon7ontal in spite of the pitching and rolling of the ship One of the rings turns upon a hon 
zontal axis, resting on bearings attached to the compass box , tho second, which is smaller, luov 1 ^ 
within the first, supported upon an axis at right angles to that of the &Bt Tho compa-ss Imw! 
IB placed within the smaller ring, and is so weighted that the pivot upon which the needle turrn, 
and which is fastened to the bottom of the bowl, tends always to keep its vertical positii'U 
(See CimpasSy Mariner’s ) 

GLACIAL ACETIC ACID See Acetic And 

GLACIEB Immense masses of ice, formed by the compression of the snow whwh aerti 
mulates on the summits and slopes of mountains, and forces its way down into the valley s and 
ravines which furrow the mountain sides (See Snow, Snow lane ) 

The process by which glaciers ate formed has given rise to some discussion Professor FerKs 
and others have attributed the phenomena presented durmg the gradual descent of the 
loe masses, to a certain viseosity possessed ice formed, as glacier ice undoubtedly is, bv the 
compression of snow But Professor Tyndall has suppbed abundant evidence in favour of the 
view that glacier ice possesses no viscosity whatever When subject to pressure, mdeed, the 
ice behaves much os a viscous substance would , but when subjected to tension the icc rhons 
at once that it is not viscous by parting asunder Thus, — Those deep gaps called crevassti are 
formed even when the descending ice has to change its angle of descent by so small a ^ 

os two or three degrees. Further, in a wide glacier, the general law accordmg to which 
central and upper portigas of a glader move faster than the sides, operates so as to proiluce dd 
a veiy dight drSeience in the rates of motion of adjacent portions of the grader . yet even tnu 
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sliffht difference {in one case so small, Professor Tyndall estimates, ns of on inch m 24 
I'ours) causes crevasses to form. Therefore Tyndall has put forward the theory (now gtueially 
Bccopted) that the peculiarities observed m the motion of glaciers aro due to i&jttatiun, (q v ) 
The ice of the glacier is brittle not viscous , and owing to its bnttleness, it is crushed aud 
I roken in its descent but regelation causes the fragmentary masses to remain always bound 
to'^ether, emce wherever they are brought into contact regelation immediately sets in 
GLAISHER’S FACTORS A senes of corrections of barometric, hygrometnc, and ther- 
monictnc n»dications, calculated by Mr Glaisher, and of great lalue to the meteorologist 
glass The chemical composition of glass is that of nii\cd silicate of potassium or sodium 
ivith Silicates of calcium, lead, aluminium, and others The mixture must be so proportioned 
tlut there is not sufficient aUcahne silicate present to render the product attackable by watti or 
Biuls Sihcate of calcium mcreases the fusibihty aud also the icsistanco to the action of water 
bihcati of alummmm renders gloss less fusible, and less liable to be acted on by water, whilst 
the more the potash, lime, or oxide of lead increase, the more fusible and soft the glass becomes 
Pottle glass has a specific gravity of 2 7 , its composition is pimci]>a 11 y that of a mixed silicate 
of cilcium and aluminium Ordinary window glass is approMinatcly a mixed sihcate of sodium 
and calcium, Enghsb crown glass contains sihcates of poLissium and calcium English crystal 
^lass IS a mixed sihcate of potassium and lead Flint glass has a somewhat simdar composition, 
hut with varied proportions Faraday's heavy glass (specific gravity, 5 44) is a sihco borate of 
Ic-ul Glass is coloured red by gold or copper , blue, by cobalt , yellow, by silver or uun , and 
green, by chromium (See Silxcata ) • 

GIiAUBKR’S SAL'T See Sulphates, Sodium 

GL( 113 E, CELESTIAL A globe showing the coustell itions, and mounted as the terrestrial 
globe IS The celestial globe serves to solve many elementary problems of ,iatronomy The stars 
ai< net represented on u celestial globe as they actually appear on the heavens , but so that 
if they rould be viewed from the mside of the globe, they would appear as on the sky 
(JILOBE, TERRESTRIAL A globe of wood or plaster covered with paper, on which aro 
(Icli ated the figures of the oceans, continents, &c , of this earth G’be globe, mounted so as to 
reu ’ c on a polar axis under a brazen mendian, and mchiiablo at different angles to a wooden 
horizon circle, is often used to solvo elementary problems of gcograxihical astronomy. 

GliOW DISCHARGE See Dischatje 

(f r,()^*AVORMS See Ftrqflies, Examination of the Liyht fom 

(iliUOlNUJI , or, BeryUtum {yTivum, sweet ) A sornwhat rare metal, the oxide of which 
V ilisioicred by Vauquelm m 1798, in the beryl, whence the name beryllium Sulwcijiiciitly 
It wa-- named glucmum, owing to the sweet taste of its salts Symbol; G or Be (the latter 
being usually adopted ) Atomic weight, 4 7, if its oxide has the foi inula Bc^Oj, and 7 if its 
<JxuU IS BcjO } these points have not yet been satisfactorily dctcrmiiicil Glucmum is a white 
uittal malleable ind ductile, possessing a B])ecific gravity of 2 i It molts below the melting 
point of silver, and does not oxidise readily in the air oven when melted Acids attack it 
reorlily It forms on oxide which much resembles alumina, and unites with acnls to form salts, 
which aro colourless and m general easily crystallised The bciyl is a silicate of glueinum. 
GLUE See Gelatin, 

GliYCERIN" {yXvKVS, sweet ) A syrupy colourless liquid, of a very sweet taste, and 
neutral to test paper Specific gravity, 1 26 It mixes with water and alcohol in all jiropor- 
tioim ComxioBition, C^HbOb. It is contamed in most fixed oils aud fats, in which it exists m 
combination with fatty acids, and is hberated ujMin saxionifieatiun It is non volatile at the 
■’rdinary temperature, but when heated in an atmosphere of steam it distils over Glycenn 
floes not freeze op alter by exposure to the atmosphere , it has no xioisonoiis or injurious pro- 
lierties, and on these accounts its uses m arts, manufactures, and for domestic isirposes are very 
Kfcat "When acted on by strong mtne acid it is converted into mtro glycenn (Seo Nitro- 
'jtijemn ) 

GOLD A metallic element of a beautiful yellow colour, soft, and extremely malleable and 
1 1 gravity, 19258 to ig 367 It melts at 1200° U (2192’ F ), and volatilises 

wghtly at a Uttle higher temperature It does not tamisb m the oir even when melted, and is 
'^ffected by any smgle acid, but is dissolved by chlorine water and mixtures which evolve 
t ilonnc, Bueh as rntro-hydrocblonc acid Atomic weight, 196 Symbol, Au, from its Latin 
Aurum It is found in almost all parts of the world, but seldom in largo quantities, and 
^^ost invariably occurs native or alloyed with other metals It forms compounds with most 
il elements, but they are of comparatively slight importance They aro readily re- 

to the metaUio state by heat The alloys of gold with sdw^r and copper are of great 
ixirtance, bemg used for comage and jewellery. The only chemical compounds of gold which 
*^<1116 mention art the chloride afyold (AaCIj); this forms a dark red debquescent mass. 
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which IB left behind when a eolution of gold in nitro hydrochlonc acid la evaporated to (lrvn(><i 
From an acid solution an acid chloride of gold and hydrogen crystaUises in long yellow needle 
which are very soluble in water Chloride of gold has a great tendency to form double salts 
with other chlorides, which are called cliloroaurates The Ckloroaurate of Sodium is einplo\cil 
in photography , it crystallises in long pnsms, which are soluble in water but not delKjnesctnt 
Its composition is NaCl AUCI3 The chloroanrates of many organic bases are beauti 

fully crystalline compounds, and aie frequently prepared for purposes of analysis 

GOLDEN NUMBER Sec Metotne 

GOLD MOSAIC See Tin, Sulphide 

GOLD, RELATION OF, TO LIGHT The relation of gold to light was studied m w, 
exhaustive manner by the late Professor Faraday {Phil Tram 1857, p 145) Hu conctuLj 
that it was possible that some experimental evidence of value might retultfrom the uitrodutti js 
into a ray of light of separate particles having great power of action on light, the particles Iviii,' it 
the same tunc very small as compared to the wave lengths He found that gold was esptinlh 
fitted for these exponmciits on acx:ount of its comparative opacity, and yet possession of tl d 
transparency, because of its development of colour both in the reflected and transmitted riv , 
because of the state of tenuity and division which it permitted, with the preservation of its 
iiitcgiity as a metallic body , because of its supposed simplicity of character, &c Besides, the 
waves of light arc so large coiniiared to the dimensions of the particles of gold which in varums 
conditions can be subjected to a ray, that it seemed probable the particles might come nt« 
effective rtlatiouB^to the much smaller vibrations of the ether particles The beaten gold «.ni 
ployed averaged inch thick, occupying in average thickness no mc-re than from Hh 

to ^tli part of a single wave of light, but by chemical means the leaf may be obtained >-u thin 
that 50 or even lOO may be iiichukd in a single progiessive undulation of light, still rein iiiimg 
of a green colour by transmitted light If this thm film is annealed by exposure to thi teiii 
perature of an ml bath for five or six houis, it liecomes almost colourless, although nneroscuiiu 
examination shows that its continuity i« unaltered When gold thus rendered colourhss by 
annealnig is subjected to pressure, it again becomes of a green colour When gold wire is defl.igr.itid 
by explosions of a Leyden b ittery near a surface of glass, the particles are caught and are de 
positeil as a film, golden by leflected light, and of a fine ruby colour by transmitted light, passing 
towards the edges to a violet colour, and sometimes ajijicanng green When this deposit cf 
divided gold, which is violet, blue, or green by transmitted light, is heated to dull rediif'S, it 
changes to a ruby colour, still pitscrviiig its mctvlhc y'ellow reflection, and when this mbj gi>ld 
IB Huhniittcd to pressure the transmitted ray changes from ruby to green By reducing g"ld 
from its solution by pbosphoins a continuous him can bo produced, so thin as to be mvi-ildi it 
first, then tliuknc’ss perhaps not being s.Lith of a wave undulation of light When a Iil'L 
thicker the him is a gray violet, whi< h is changed by heat to purple, and afterwards to gn 1 11 
when submitted to pressure < Jold precipitated from a solution 111 the form of sejitirate parlit 
18 of a iiihy colour by tiansmittcil light, but having the metallic lustre when exposed b* 'im 
shine I’hese fine particles may be diffused tlmnigh vvann gelatine, and the jclly on eoobug h 
of a rich iiihy colour and can be dried to a film identical in apjiearance with ruby glass I'lii 
common salt is added to a ruby gold fluid this is rendered blue The relation of polarised h_dit t > 
these gold films is of considerable interest On arranging the polanser and analyser so as to .st 
a daik held, no effect was produced on interposing a piece of well annealed plate glass, tins 
stance not having depolarising properties A piece of gold leaf attached to glass was tlna 
introdueed between the analyser and pol mser at right angles to the ray, when it was seen th it 
the metal hod depolarising jiowcrs, esiiecially when it was inclined, the image of the an dv 1 
being brought out cxcccchngly well It is, indeed, very striking to see, when the plate is m"'' '' 
parallel to itself, the darkness when mere glass mteivenes and the light which springs up wlun 
the gold leaf comes into its jilace , the opaijue metal and the transparent glass having ai>iiar*“ntlj 
changed characters with each other 

GNOSION (yviipuv) fl'his name was formerly applied to any rod whose shiulow was 
intended to indicate any astronomical relation Thus the rod of a dial, which points to the p'k 
of the heavens, is a gnomon (see Dud), and a vortical pillar, such as ancient astronomers U'uo 
determine the height I'f the sun at roiddiy, was also called a gnomon The Egyptis®*! 
Chinese, Peruvians, and many other nations, made great use of gnomons of different sorts 

GOMEISA (Arabic) The star |9 of the constellation Cams Minor , 

GONIOMETER, (ywwa, an angle , and perp^u, to measure ) ’An instrument formessunn, 
the angles of crystals For this purpose Wollaston’s reflecting goniometer w most frequeii^'^ 
used It consists of a dtnded ctrrU graduated to degrees, and subdinded with a vernier 
the axis is an arrangeiMat for supporting the crystal A distant object is viewed, reflectc 
one of the faces of the crystal, and the vernier is brought to zero TtSo circle canyu>o 


GOV 


271 


GRA 


ervBtal w turned, until the same object is reflected from another face of the cj-ystal, when 
the angle formed by the two faces can be read off on the circle Other adjustments and con- 
tniances are introduced for the purpose of securing accuracy of reading When a microscope 
is fitted with a pontton circle and micrometer, angles of nucroscopic crystals can be measured 
„.th great accuracy 

tjOVURNOR A contrivance for regulating the supply of steam to the cylinder of a steam- 
cn"iiie, according to the speed It consists of two heavy balls attached to the extiemitics of 
two rods, the other extremities of the rods being jointed to a vortical shaft When the engine 
IS in action, the shaft and the parts attached to it are made to revolve by a strap from the 
ciank sliaft of the engine, and consequently a centrifugal force is communicated to tlie balls 
ahich causes them to fly apart, so that the rods make angles with the cential shaft winch 
increase With the velocity of revolution Now the rods to which the balls are attached are con- 
nected li\ two other rods with a ring capable of slulmg up or down on the vertical shaft, so 
that when the balls fly out the ring ascends, and when they fall it descends A long lever 
pc-scs from the ring to a disc, termed the throttle valve, in the steam pipe from the boiler, and 
the connection is so arranged that, as the nng ascends, tho valve closes Thus the engine 
lU'clf logulates the supply of steam , for, as the speed increases, the supply is diminished, and 
when the maximum speed is attained, the steam is entirely cut off. 

GOUr. S ROLLING BALLS Hee Trevelyan,’ t Jijrpet iment 
tillAlIME Tho French unit of weight See Metric Si/sltnt, 

OJtAPE SUGAR See Sugar 

GRAPHIC REPRESENTATION OF FORCES (y/oa^w, to write, draw ) Forces may 
l>o rcpicscnti d by straight lines, since the three qualities rccpiired to detennino the effects of 
(nrccs are also possessed by lines , thus the intensity oi magnitude of a force is rupreaented by 
till length of the line, the direction of the force by the direction of the line, and tho point of 
actum 01 ipplicat.on of the force by the extremity of the line Also, when a line is iltsignatcd 
b> two lettcia as A B, these arc made to lepreseut tho directions of tho force by always con- 
Mth’ing the torce as acting in a direction, from the first to the second, or from A to B , whilo 
the lr< B A would lepresent a force acting from B to A By means of this grajihic method, 
tl’( general principles of geometrical reasoning may be applied to deduco tho mechanical effect 
pr*i<liicc(l by combinations of forces under given conditions 
GRVPUrC REPRESENTATION OF VIBRATIONS A sound wave consists of a 
tnivtlliug state o* compression It is clear that any quantity can be represented by any other 
iiitity, and that therefore the quantity of density or compression may bo represented by a 
straigiit line Hence, a region of vaiiable compression may be represented by a senes of 
straiglit lines of v anable length If wo mi.igiue a senes of waves to proceed fiom one jioint 
and res. L anothei, and if wo imagine a stiaight hue to connect tho two points, then the divers 
densitif s of che uudium along that hne may be faithfully represented by ordinate^ of diifercnt 
lengths set up upon the connecting line, and the curve connecting the extremities of the 
ordinates will be a faithful representation of the degrees of coinjirtssiun, 

GRAPHI'l'E See Carlton 

GKA\1TATI0N [Glams, heavy) The name given to the great law, established by Sir 
Iwiao Newton, that every particle of inaitei V/ithm the umicrse atliuds eicty otha particle nUh a 
J'trce i/ritpui iwnal directly to the product erf the numbas i e}/> cicntiug thnr inasi, amt mierithj to 
ilw squaie of the distance separating one fiom. the other Tho teim gi nvitation is coininonly dis- 
tuiguishcd from tlio term yratity [qv), the former being applied to the opi nation of tho great 
law tliruughont the interplanetary and interstellar spaces, tho latter to the actum of the earth's 
inass upon terrestrial bodies 

The discuvuiy of the great law of gravitation is intimately associated with tho bistory of that 
period of progress during which the Ptolemaic system was ovcrthiown, and the (\>per- 
niL.an established The diseoveiy by Kejiler of the three Jaws which bear Ins n.iiiie, hy indicat- 
ing the existence of real laws harmonising the motions of the celestial bodies, invited icHcarch 
question how far these laws might de|iend on the action of Home speeul form of force 
the nature of a central force under which a body would move in an clliiitKid mbit having a 
wus rijineident with tho centre of force, had been inquired into by Wien and Hooke, though 
life siibitiuii, even of this problem, which seems to modem mathematicians a Hiniple one, was 
not given m a complete form until Newton had applied his powers to the woik But the 
**^ogniliQ,j of the general action of a central force exerted by the sun upon tho bodies circling 
■J'' ind him, and by the planets on their satellites, and the further recoitiiition of the fact that 
^^»lies on the earth are drawn towards the earth’s centre, though d mbtlchs important, yet by 
'• means suggested the existence of the great law Newton was to establish It is necessary. 
Would rightly apprehend the grandeur of hiB work, to recognise what distinguished it 
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wholly from all that had been done or even suggested before hia tune To aumvi 
Newton had only supplied mathematical proof of a law which had occurred to 
would be largely to undervalue what science owes to him It was the noble euess ^fnr 
it WM but a guess) that the forces, exerted by the earth upon terrestrial obieeta bv the t>i 
on their satelhtes, by the sun upon the planets, are all manifestations of one form of 
exerted alike by all forms of matter, and influencing all accordmg to one uniform law — ii 
this danng generahaation, — that distinguished Newton's work from all which had nrcctd 
Then, indued, when this noblest of all laws had been suggested to hia mind, there followed 
wonderful senes of labours by which he was enabled to give the hypothesis a firm foimdit 
In reading the history of those labours, one knows not whether most to admire the incuin7 
of the mathematical devices employed by Newton, the clear sightedness of his reasonin'' or 
wonderful patience and caution with which he conducted the whole mqmry All that’he 1. * 
self required to complete the prexjf of the law was satisfactory evidence, that the action wWli 
the earth exerts on terrestrial bodies corresponds with the influence she exerts upon the m 
To prove this it was necessary to show that a body at the moon's distance would m a 1.1^^ 
short space of tune, fall as far towards the earth under the mfluence of her attraction aa the 
moon IS actually deflected in that time from the tangent to her orbit, through the place slit, haj 
at the begmning of that time, such deflection being measured in a direction at ngbt aiiLdti Ui 
that tangent At first Newton's calculations failed to show this, the fact being that accDnliiiu 
to the estimate of the earth's dimensions accepted in his time, the distance of the’ moon w,w 
greatly underrated He accordingly, for neirly a score of years, gave up the theoev of a 
miverpal of ^vitotion as untenable At length, m 1684, Picard’s new measurement of 
the earth supplied Newton with the means of testing afresh his danng hyqiothesis A'. tl>o 
work proceeded, ha found " the figures shaping themselves towards tho desired end " and 
simple though the processes were by which tho calculation was to be completed, he 'was to 
unnerved by his sense of the grandeur of the great law which was about to be estabiithcil that 
li6 liiul to commit tlic coniplotiun of tho tf^lc to £t friend ^VTien tlio cnlcul itiou was 
finished, the influence of the earth on the moon was found to be precisely the same as that whuh 
she exerts on objects near her, diminished only through tho eJIeot of distance, accoiding to the 
law enunciated above 

But much more remained to be done in order that tho law should be presented m a coiuino- 
mg manifcr before astronomers Satisfied himself, Newton felt that, to satisfy the world, lit 
must show the power of this gi-eat law of gravitation to interjiret the most difhcult prohlcn , of 
astronomy He selected the lunar motions, and showed, by rcasonmg of amazing forte and 
clearness, how all tno chief lunar inequ.Uitics can be accounted for os due to the action of this 
uiiinijiiusent law (See Lunar T/uuii / ) The modes he employed were such, however, ns none 
but be could have made available It has been to the successful attempt, not only 10 attouut 
for celestial motions which Newton had left undealt with, but to detect by calculation jicciiliaiitiM 
of motion which observation bus not revealed, that modern analytical mathematics owes its 
ongiii and its rapid development 

1 he law of gravitation has been applied successfully to weigh the various mcmbcTs of t'e 
solai system, and even star against star, to explain the motion of the tidal wave and tin jMtl s 
of comets, and even to exhibit the origin of that wonderful vitality which jiervvdcs the '■.ilar 
system, and doubtless, iu not inferior degree, tho systems which circle around other suns 

GRAVITY {(iiavitas, from heavy, ponderous ) The term apphed to the force \ ith 

which the earth attracts every particle of matter The effect of gravity is measured liy tli 
acceleration or the velocity generated in a body free to move under the action of the fnin. 
AltJiough bodies of different matenal fall to the earth with different velocities when tlitj tn 
counter the resistance of the air, yet iti vacuo all boilies fall through the samo space lu tlu* '-'ime 
time, and acquire the same velocity By oxpcnmeiits made at Leith Port, Captain KaUr 
found that the velocity acquired by a body falbng unresisted for one second is at thit jilace 
32 207 feet per second (See PcHdidum ) The variation in this velocity for one degree of 
difference of latitude from tliat of Leith is only ocxx)832 of its own amount , the average value 
for the whole of Great Britain is very nearly 32 2 feet Tho value of the velocity acquireil m 
a second by a body fallmg freely decreases as we pass from the poles to tho equator Two 
causes contribute to this 

First, in cousequence of the revolution of the earth, every pomt of it describes a circle in 24 
hours , but the circumferenco described by a point nearer the equator is greater than that ^ f 
one more remote , consequently the tendency of a boily to fly off from the earth is greaUr at 
the equator than nearer ^e poles But the force produemg motion in a falling b^y » tl><i 
force of gravity less th y c entnfiigal force Second, the earth is not a true sphere, bw* ** 
flattened at tho poles. ^Rence a pomt nearer the equator is further fmn the centre of laiO 
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than ft point nearer the polea, and consequently the force of gravity is leas at the former than 
at tJie latter (See Gt avUalton ) If a body be weighed by a spring balance at tw o places not of 
the same latitude, the weight at the higher latitude wiU be the greater The ai>parent force 
of gravity at any place is determined by ascertaining the length of a simple pcnduhim which 
beats seconds at that place The following table gives the lengths of the seconds pendulum at 
different places accori^g to the Astronomer Royal, and the value of g which can bo deduced 
from them — 

TiiE Value op the AccELEnATijro Force op Gravity at Different Places 


Observer 

Place 

Latitude 

Lenf^th of seconds 
pendubiiii lu 
inches 

Accelerating 
force of (,ri- 
Vity feet and 
seconds 

hsbino, 

fiivltshcrgcn. 

N 79050' 

39 

■|M 

Sabino, • 

Himmcrfest, 

70 40 

39 1917s 


Sv an berg. 

Stockholm, 

-I 

39 n'54» 


Bessel, 

KuniKsberi;. 

5V 

37 isoyi 

32 2002 

babiiio^ 

Borda, Blot^ and 

Greenwich, 

51 :0 

39 ijySj 

32 1912 

btibino, 

Paris, 

48 so 

39 1-651 

32 1819 

Biot, 

Burdcaux, 

44 

39 11 -96 . 

32 ibyi 

Sibiiie, . 

New York 

40 4^ 

ly roi-o 

^2 i>i94 

f ic>cmet, 

Sandwich Islands, 

20 52 

ji) n jfiQo 

3- 1148 

Saliiiie, , 

Trinidad, 

10 ,9 

39 cnb'^8 

3^ 091 ) 

l-’-Bvcinet, 

Kawak, 

S D 2 

37 014 n 


S ibinc and Dnperrey, 
Fieyeinet and Uu- 

Ascension, 

7 55 

39 02jf.3 

32 0956 

litrrcy. 

Isle of Franco, 

20 10 

39 94^>6 1 

32 list 

I'nsbnTie and Kumker, 
Frej oinct and Ou- 

Paramatta, 

3J 4!) 

39 074s* 

3* 1J75 

lienoyi » 

Isles Maloulncs, 

51 3S 

39 13781 

3* 1895 


CllIlEN VITRIOL Sue StdphaUs , hon 

(jUEGORIAN telescope Tins form of reflecting telescope was first proposed by 
James Gregory The rays of hght falling on the pnntipal spoeulum are reflected Viack to a 
iinll eoii ave speculum placed beyond its focus , this letiiins them to tho centre of the large 
'•!' ( iili’iii where a hole is cut to allow them to pats through to the eye pi<lee The Newtouiiui 
'L 1 ci pe IS an improvement upon this 

GULF CAST IKON 800 Irm, Vast 

(ililMALDl’S FRINGES Tho fuiigcs which nro observed in tho shadows of bodies 
foriud by divergent light are sometimes called Giiuialih’s fungus, after the hrst observer of 
thini (iiec Ft ini/es , Difft action) 

(lliOOVED SURFACES, COLOURS OF Tlic iridescenee of mother of pcail, niicro- 
iiieti r scales, Barton's buttons (which see), &.e , IS due to the relleftion of light fiom minute 
groove! on the surface giving rise to the production of colour by the luterfereueu of the waves of 
light (See Intcjferenrc of La/ht ) 

GROVE’S GALVANIC BATTERY consists of platinum and /me cells The /me winch 
H aiiialgamated, that is, coated with mercury, is immersed in an outer cell contaimiig dilute 
‘•iillihiine acid Within this is placed a porous cell which is filled with stioiig mtne acid, and 
m^wUich the platinum plate stands On connecting together the platinum and /me, the enrient 


w follows The /me decomposes the sulpliiinc acid and libeiates hydrogen This, by a 
teries of ninlecidar reactions, gives rise to a second reaction in which tho nascent hydrogen de- 
eoiujKisvs the mtnc acid forming m the first pla(% nitrous acid Afterwards further decompo- 
sition takes place, and dark red fumes of tho oxide of nitrogen are given off By this dec om- 
po-ition of the mtnc acid the polarisation of the platinum plate duo to deposition of hydrogen 
IS avouled The porous cell intervening between tho sulpliunc acid and the mtnc and does not 
under the chemical action from takmg place, though it prevents the bquids from mingling 
CROTTHUSS’ HYPOTHESIS (fro m the name of tho proposer) seeks to cxidain the 
P lenomona of electrolysis According to it the molecules of bodies which undergo electmlysis 
^ essentially com])osed of two atoms, or groups of atoms, one of which is electro-positive (see 
*<^fo-potiUve), 011(1 the other electro-negative, A chain of compound molecules thus nuule 








GKU 


274 


GUT 


up joins two points in the electrodes, and by the electric current the two extreme molecules ar 
broken up, and a senes of decompositions and recompositions takes place in the follow inir 
Towards the negative electrode goes the elpctro positive atom or group, while the electro ne^itne 
atom or group of atoms goes to the positive electrode This action sets free at the rcsptctiie 
hides an electro-negative and an electro-positive atom or group, and these throw all their attrac 
tive force upon the compound molecules next to them, decomposing them, and taking to them 
selves the complcmental portions which they require m order to form complete coiniiouinl 
molecules This second decomjiositKin and recomposition gives nse to a third, and so on tlirou 
out the whole chain, the fanal effect, when a cycle of operations is finished, being that one whole 
molecule has been separated into its constituents, and a new ebam has been formed, m whnh 
a fresh senes of similar reactions can have way The theory certainly lends itself easily to 
the explanation of known facts 

GRUS (The Crane ) One of Bayer's southern constellations The stars forming thw 
astensm present a somewhat remarkable figure, being so associated as to form a well marki cl 
stream 


GULF STREAhl, INFLUENCE OF, ON THE CLIMATE OF GREAT BRIT \I\ 
The name Gulf Stream has been given to the ocean current, which, passing from the crpi itonal 
jiarts of the Atlantic to the Gulf of Mexico, triverscs the Atlantic eastwards, reaching to and 
beyond the shores of England Very unreasonable doubts have lately been cast upon the tliLoiy 
that the gulf stream exercises an imiiort uit influence on the climate of Great Britain Tin -i 
doubts are principally founded on a total misapprehension of the way m which the ncigliUiur 
hood of warm seas affect the climate of a country If the influence of the w iter in w inning 
the air which is m contact with it were the only effect to be considered, the gulf stre iin i oiiM 
doubtless but slightly iiiflntncc the climate of this country It is to the fact that from the g'llr 
sticam aqueous vapour is continually rising into the air that the great influence of tins cm nut 
upon our climate is to lx; attnlmtcd (See Climate ) The moisture laden air not only laings to 
us the warmth of the gulf stream, distributed as the aqueous vapour becomes condmsud, but 
also serves to prevent the radiation of heat fiom our plains, and lulls, and vallejs, into sjneu 
GUM A name gnen to several substances of different composition, but of similar jiro- 
pertica exuding from stems and branches of trees , tlicy are all more or less aohiblo m w lUr, 
forming a thick glutinous lupiid The piincipal gums arc Gmn Atabic, Cum Seiinful, Cluiiii 
Tree Gum, lia^nja Gum, Gum Tutf/aainf/i, and Dexb nr or Jirilisk Gum (See also fkxlnn I 


GUN GOTTON, Pyioxyun, ar, Ti initio ccUulotc A name applied to a mtro snlistitii 
tion compound of cellulose Cellulose has the composition CnH,a 0 .j Three of thc'se eijini dents 
of liydiogcn are capalflu of being replaced by conespondmg equivalents of nitnc peroxide ()., 
forming a compound CaH7(NOj)j()0, ortiinitro cellulose This compound is msoliiblp m water, 
alcohol, or ether, and is unaffee ted by dilute aenls or alkalies When exposed to ht .it it i x 
plodcs with viole*noc, and on this account is used as a substitute for gunpowder When exptoiu d 
in the free state by lieat it goes off with v sudden flash and is comparatively harrale'-s, hut win n 
it is confined in a box, or when it is ignited by the xiuwerful detonation of fulrainatiiig niLit >in 
its explosion takes place with tciriGc violence, and its effects much exceed those proilr'id bv 
corresiioiiding amounts of gunpowder A variety of gun cotton containing less nitric pm ‘ink 
than the trimtro compound is used in surgery and photography, as it has the projierty "f di- 
solving m a mixture of alcohol and ether, and is left behind on evaporation of the boheiit> 
as a tough trans^iarcnt skin 

GUNNERY The art of cluirging, directing, and exploding all kinds of fire anus, tii''ii,li 
the term is commonly restricted to the larger pieces of ordnance To this art htlougs t‘ 
knowledge of the force and effect of giinixiwdcr, and the methods of pointing and adjusting Jt 
is, therefore, partly theoretical and pirtly practical Theoretical gunnery consists in coinputiu-J 
the angles of elevation, the velocity of piojcetion aiidtlie range of the ball, from cert im data 
vioualy known (See Projecldce ) From experiments mode at Woolwich by Hr Huttmi, tb 
following conclusions have been deduced — (i ) The velocity increases with the ii)cii.a-o ijt 
charge to a certain point, and then decreases as the charge increases (2 ) The vehx-ity witii 
equal charges increases with the length of the gun (3 ) The range increases m a muth I"" ' ’’ 
ratio than the velocity (4 ) No difference is caused m the velocity or range by increasing ti'^. 
weight of the gun (Hutton’s Tracts, \ol 111 , p 215 ) j 

The following rule, derived entirely from experiment, haa been given, to find the velociti i- 
any shot or shell, when the weight of the charge of powder and weight of the shot arc kin''*''’ 
Divide three times the weight of the powder by the weight of the shot Extract the bipi n’t. 
root of the quotient and multiplj the result by i6c» , the product will be the lelocitj m 

GUTTA PERCH A , A substance much resembling India-rubber and obtained like it ir 
the juice of certam trees, pnncipaUy the Isonanda Percha, and the Ja Chitifi It is of a Ve ‘ 
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brown colour, of specific gravity o 98 It is insoluble in water, and softens by licit, solidifying 
on coobng to a Lard tenacious leathery mass Owing to its insulating properties for electricity 
it IS largely used for coating telegraph wires The composition is not dehuitely made out, but it 
Is a hydro carbon when pure It, ho n ever, appears to ovidise somewhat readily, and the n betomes 
fnible, losing its valuable properties 

GYPSIIM See Sulphates, Calcium 

trYllATION', RADIUS OF (ffyi 01 e, to revolve, yu/iAs, round ) The distance from the 
a\is of a r dating body, at which the whole mass of the body may be mipposed to be collected, 
without producing any change 111 the moment of inertia It is a linear magnitude of great im- 
portance in the investigation of the properties of rotating sohds , for example, when a solid body 
oscillates riboiit a hxed axis, the tune of oscillation is the same aa that of a simple pendulum 
whoic length is equal to the squat o of the radius of gyration with reference to the axis of sus- 
pend lUi divided by the distance of the centre of gravity below the centra of suspension (Sto 
Piiuhilum, Otcil/aticins, Centienf) 

U YllOSCOPF (yvpbs and UKOTrlo), to look ) An instrument to illustrate the composition of 
rotations and the resistance winch a 1 qiully revolving heavy body ofFcis to a change of position 
in its axis of rotation It consists of a metallic disc, tlnii in the ccntie, but having a thick ind 
111 '\y iiin, capable of revolving npou an axis winch foiius the cliainctoi of a biass ring This 
ring can be placed so that it turns about an axis forming the diameter of a second ring If the 
ili-L Slid hi^st nng be detached from the secoud iing, and hold ni the hands while the disc is 
set rotating m any plane, it will be found that so long as no attempt is yi wlo to turn the disc, 
R I that it shall revolve in anotlici plane, the weight of the instiiimcnt only li is to be siipiioitod, 
blit a povveiful resistance Will be felt to an attcnqit to change the ihieclioii of thu axis Again, 
if whil^ the disc IS revolving tht‘ luig bo rolled along a level floor it will be foiinil iiiqiossiblc to 
nivlv*- It keep upright and to prevent it running out of the nght Imo If the outci iing bo siia- 
[H iide 1 by a torsiimlesa thread and rapid rotation bo comniiuiictteil to tlic disc winch is tlicu 
all induiii d to itself, it will continue to rotate in the siino plane until brought to rest by fin tion, 
i-i HO frojii the mode of suspension tlieio la no foice to cause the axis to take a new diicitiun 
J III tliia f let the instrument has been used by Foucault and otheis to dcmonstiatc the f ict of 
tin earth’s diurnal rotation If the disc bo caused to lotatc in a vortical piano so thatits hori- 
zontal axis points to some object on the earth’s surf icc, aftci a short time the axis will apparently 
line ’■joved through an angle, the magnitude of winch will depend on the latituclo of the jilaco 
A.'iin, if the axis of the disc be mado to point to a fixed star, then if the earth wore at rest and 
t'' he liens revolved about it, as they .apfitar to do, the stai would move from the clircrtion of 
till los, but this IS not the ease, for the axis continues to point to the tXime star so long as the 
ih-^c locates, shovvirg that the stais are fixed ind the cirlh levolves 

V/hen the rnnditionB of suspension are vaned, the movements of the disc are always such as 
V oiild 1,111 It according to the thcoiy of dynamics, fioin the composition of the rotation of tin' 
disc with that of the earth (See the Notices of Professor Powell in the TransaUtuas of the 
Aationomual SociUjj, April 1855 ) 


H 

ir.FiMATIN A crystalline substance, constituting the red colouring matter of blood It 
fonnsamill indistinct crystals of a red brown colour, is tasteless and luodoraus, insoluble in 
water, cold alcohol, and ether The formula is not well ascertained, but it is known to contain 
iron 

II/EIMATITE The minerological name of native scsquioxidc of iron It is known also ns 
native ferric oxide, red iron ore, oligistic iron, and somciimes as kidney 01c In tin pure statu 
it contain 70 per cent of iron, the formula being Fc,<I.j It occurs in the cr^stiillmc, uwbfaivc, 
and earthy state m large veins or beds, and is one of the most valuable oics of non 

HAvit ATOXYLIN The crystallised sulistance to which tho coloiiimg projicrtics of log- 
wood {llamatoxylcm Campechtanum) are due Formula It fonns coloiirli ss trans- 

parent crystals, very brilliant and sometimes of considerable length It is slightly soluble 111 
•’old Water, but more bo in hot water, alcohol, and ether It has a strongly sacdiarine tilstc 
Tvscmbling that of liquonce Under the influence of alkalies and oxygen it rapidly changes to 
a colouring matter 

HAIDIXGEII’S FllIXGlSS OK TUFTS This term is applied to certain phenomena of 
I'-iht, first observed by Haidingcr, by which a polarised beam can be detected by oidiuary 
'LMon (See Polartsed Lvfht ) 

rU A shower of discrete pieces of ice (how formed, and under what lawn is uiiKnown), is 
called a hailstorm. &ir John Herschel considcm that the fiagmeiits of ice in on ordinary Lad- 
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btorm are simply frozen ram drops Where larger ma-sses of ice are observed to fal] 1), 
considers reyclation {q ) to have been concerned, and the great hailstones to have been fonutd 
during the “hurtling together of masses of ice in the air ” Others attribute hail to the actu® 
of electricity m the upper regions of air tjndouhtedly hailstorms are always accompanied liv 
electrical phenomena, but this fact does not in itself indicate an electrical origin, since a h nl 
storm must necessarily bo accompanied by a great commotion m the air, and the sudden com 
mingling of saturated masses at diffeient temperatures, so that electrical action would 
undoubtedly be excited- Therefoic Sir John Herschel may bo right m saying that, to 
attribute hailstorms to electricity, is putting the effect for the cause But the evidence cn, 
have, scarcely justifies us in summarily rejecting all electrical hypotheses in accountuig for linil 
storms, since no exjjanation has yet been given of tbc circumstances under which bailstoniis 
appear, and of the jihenomcna they present These arc as follows — 

Hail often falls before a heavy rain shower, very rarely following ram The clouds fnun 
which hail f.ills are very dense, and somewhat rosomblo bronze in colour, they have iric'ul'r 
edges, and are at no very great elevation Hailstorms commonly last but a short time, seldom 
BO long as a qiiurter of an hour 

Houbiless the ordinaiy cause of a hailstorm is tbc sudden irruption of an extremely ^-old air 
current into a mass of moisture-laden air The first result of such an nruption nould he the 
rapid condensation of the vapour, and the freezing of the v{ater diops Then woultl follow an 
inrush of air from all sides, caused by the sudden contraction of the cooled air masses 1 Li- 
inrush would cause whirling air-currents (sufficing to account for the occasional fonnatum oi 
very large hailstones by accretion), and thus a still further condensation would take pLice , hut 
as the freshly arnved air would not be exceedingly cold, like that which caused the first con 
dcnsation, rain instead of hail would be formed 

Some hailstones have been of enormous si/e On May 8, 1S32, a mass of ice fell in Hun 
gory, which measured about a yar<l in length, and two feet ill depth , and it is said that ii 
1849 a mass fell in Ross shire which was nearly twenty feet in circumfercncG If ulstoncs an. 
generally composed of alternate layers of clear and ojiacjuo ice, sunountling a nucleus ot lom 
jiressed snow Sometimes they exhibit crystal sli vped masses radiating from the centre Vm 
largo hailstones often contain sescral nuclei, and have a surface bnstlmg all over svith smil. 
projections 

HALLEY’S COMET A comet celebrated as the first whose periodic motion was rcro,' 
niscd (Soo Comet ) 

HALO (AAw, a threshing floor, originally of a round shape ) A luminous nng round tin 
sun or moon, due to ruft-aetiuii of its light tliiough light cloud, line mist, tir ini.uitc crjstals "I 
snow in the atmosjihere Halos arc of piismitic colouis The phenomena of Pmlidmii 
and Pai nnrlenc, arc due to similar causes 

HAT, 0113 The tcim hvluid silt wus given by Bcrzolins to those salts which con^-i^t only ' f ' 
metal and an electro negative radical or halogen, such is chloi 111c, bioiuine, iodine, cyanugcii, A.' 
The term was used m contradistinction to ampltid silts, which he supposed to result fimii In 
combination of a base with an acid Thus chloride of sodium would be a haloiil -lit 
consisting only of tbo metal sodium and the halogen chloime, whilst suljihate of sodi would u* 
an aniphid salt, as it was suiiposcd to consist of the hisc* soda united with snlpliuiic .icnl Ii 
modem chemical noinenclatuie tins distinction is not made, the two cLisscs being coiisiiliu' 
identical, sulphate of soda being •formed on tbc t^po of cliloiide of sodium (Hee roiiiiulu, 
CliiitueaJ ) 

HAMAL (Arabic ) The star a of the constollation Anes 

HAMMER (Anglo-Saxon and (lemiaii, hitma , Danish, hammer ) A heavy mass, uiuallv 
metalhc, attachecl transversely to a bar of woihI or metal The blow of a hammer deii'cs it 
utility from expending in an instant the accumulated energy of the continued motion of tl’t 
hcavy mass for an appreciable length of time Imr instance, a hammer falling on the head < I 
a nail expends at the instant of cont.vct all its momentum in overcoming the cohesion of tln- 
paiticlcs of the wood into which the nail is driven If the duration of the blow is seiisibljr I'O’’ 
longed, much less effect can be produced in sejnirating the particles Therefore, w'hereicr tin 
wood into which the nail i. driven is but slightly fixed, and is capable of recoiling from tin 
blow, it IB impossible to gam the full effect of percussion (See Percussion , Sledge Ilamnur . 
Cmncnq Press ) 

HARDNESS The quality of bodies by which the constituent molecules keep thur 
relative positions, so as to resist any force which tends to change the figure of the bodj H ^ 
a modification of cohesion, and is mtimately connected with elasticity The hardness of a 
does not depend on its deijB^ty, for we often find very heavy bodies comparatively soft 
glass is harder than either gold or platmum, and will scratch the surface «f either of these 
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uittaK although the latter is about eight times as dense ns glass Again, gold and platitiiim, 
although the densest of metals, are softer than iron and zinc, avhich arc comparatively bght 
Hardness and elasticity are usually connected, but not always , thus india-rubber, although very 
elastic 18 at the same time soft (See Elasticity, and Compt ess ibility) 

hardness of TtriNFRA 


MINERALS Estimations of the hardness of minerals are rendered 


more dehnite by referring them to Molir’a scale of 
miner ils — 

Tele, y ommon laminated light green vancty. o. 

Oypsum, a crystallised variety. 

Cdlcspar, transparent variety 
Fluaripar, crystalline variety. 

Apatite, tiansparciit variety 
^ 5 Siapdite, crystalline vaiicty 
To determine the hardness of 
scratch, and which will scratch it 


hardness This consists of the following 


white cleavablc 


7 

8 

9 

lo 


Fildipar (orthoclase), 
vanety 

Quait:, tiansparent. 

Topaz, transparent 
Siippltuf, ckav.ible vanety. 

Diamond 

a mineral, ascertain by cvpenmcnt which of those it will 
, thus if a inincial will BLiatch ealespar, but not fluorsiin, 
vilnlst fluorspar will scratch it, its hai Jness is said to be between 3 .and 4 

llARMATTAN A pcnndicalwnid blowing from IbcS ilniadesort to the Atlantic, between 
north latitinle 15° and south latitude i“, during Dcccinbci, .T niiiary, and Fcbiuaiy 

HARMONICS All musicil nbtes so relitid to agivcniiotc, that the iiiinibcrsof vibiatioiis 
pir second which produce the former are ovact multiples of the luiinbur of vibiatioiis j)cr second 
of the hittei, are termed the harmonics of the given 01 fnnd.amcntal nOte All tlio notes pro- 
ilticed hv exact sub divisions of .a stietehod string are liarmoiiies of the note piodneed by the 
viliratioiis of the stimg as a whole The first hatniouie of the fund iinental note of luy utriiig 
iv ♦hat produced by half the stiing, and w the octave of tlie first , the second iuirmoinc is the 
do'iijiiant or fifth above the first, and is produced by one thud of the string, ind so on If, for 
ivanjple, the fimd.amental note he C produced by 512 vibrations per second, the liaunonics m 
.inlir a'c C', by 1024 or 2 x 512 vihiations, (1, by 1536 or 3 x 512 , C", by 4 x 513 , E", 
iiv 5 X ^12 vibrations, and so on The complete senes of harmonics conUins all the notes of 
I. .. inusK a1 scale 

(lener illy when a string, a bell, or the air of a tube vibrates as a whole, it also \ ibrates in 
parts so that several of the harmonics are superposed on the fundamental note, and iiiiyfu- 
■ lUci tly, especially with a large bell, be distinguished by the car llio difference of qii ility m 
‘ 1C iitd^s 01 different instruments is clnclly due to the various ways m which the harmonics of 
c 'C I fundamental note arc simultaneously piodnccd (See Vibiatiims gf Stnnys) 

HARMONY IS that branch of the musical art which treats of the agreement of simultaneous 
souiiuh Tlie term is thus used in contradistinction to nieloihj, which consists of individual 


so'ino-i m-oduccd m succession 

Vkord — A group of sounds agreeing according to the laws of musical science, and intended 
to he produced simultaneously, is called a chonl 

Comvioii Chord — The simpleht choid is the fwirri or covimon c/tmd, consisting of a loot or 
fiiitdnnuntal note, with its thud and ey , c-c <j, d f a 

C'lords take the specific names of their root sounds Thus the chord c-c-g is called the chord 
of C, d f~a the chord of D _ 

4 riads op common chords are major or minor, according aa tho intcrv.al between them is a 
major or minor third Thus the triad c-c-y is major, bccauso the iiiteival c-e is major, the 
tn ad (Z-/-0 18 minor, because third d-/ IS minor 

III the major mode the triads ujion the yirst (tonic), fourth (subdominant), and fifth (dominant) 
dc,<rec 3 of the scale are majoi , and those upon the second (supeitonic), third (mediant), and 
sij-lh (snli-mediant) degrees are minor 

Dimnmhed Triad — If the smenth ilegreo of the scale be taken as the root of a tnad, we 
get a triad which is neither major nor minor In both the latter the interval between the root 
ind fifth 18 perfeit, but in the tnad upon tho seventh of tho scale, while tlic third is minor as 
in the minor triads, the fifth is imperfect or diminished, hence this triad is called tho imperfect 
or diminished triad 

In the minor mode the triads upon the jSrsJ and /owrtA degrees are minor, those upon the 
fifth and sixth are major, those upon the second and seventh are diminished, and the remaining 
tnad, that upon the third, viz , c-e-y | A. mmor, consistmg of a root, a major third, imd an 
eiugmmted fifth, is called' an awymentea tnad 

Major and, MiTior Modes — On compunng the two inodes it will be seen thort znejor tnods 
fire more numerous ui the major than m the minor modCi ftiid thfit in the former they occur 
Upon each of the pnncipal degrees, viz, the oxiA fifth , whereafl in the latter, tho 
^^nad on one oily (the fifth) is major, the other two carrying minor triads This circumstance, 


HAR 


278 


HAR 


together with the fact that two of the remaining triads are diminished, and that the othtr h 
distinguished by the presence of an augmented interval of harsh and unpleasant effect, will ^ 
to explain in a measure the wide differencer that exists between the two modes m their 1 1 
upon the ear 

Chord of the Seventh — The chord next in order of importance to the triad is the chord of the 
seventh, formed by addmg to the triad a fourth sound at the interval of a seventh from its 
root , eg , c-e-g-b, d-f-a-c, &c 

Dominant Cliot d — There are many varieties of the chord of the seventh, by far the mo"-! im 
portant being that, whose root is ihoffth or domtnant of the scale, and which is called from this 
circumstance the Chord of the Dominant Snenth, or briefly the Dominant Chord , e g , g-b-il j 
in the scale of G (major or minor) 

The dominant chmd consists of a root with its major third, perfect fjtk, and minor saitiih 
and 13 the same in the minor as in the major mode It will be seen further also that the saim 
combination cannot Le formed upon any other degree of cither the major or minor mode, nur 
can it be obtained from any other scale than that to which it belongs Tins latter proposition 
may be readily prov cd as follows Take the chord given above, vi7 , <7 -fi-d-/, the dominant 
chord of C major Because it contains the note F it cannot belong to any of the scali s witli 
sharps m their signature, since m all these the F is sharp , and since it contains the note B, it 
cannot be obtained from any of the scales with flats in their'signaturcs, os in each of these th. 
B IS flat The same proof ajiplies equally to the minor keys 

It follows from this* that the dominant chord is ah\ ays a sure indication of the kev of tin 
piece m which it occurs It does not, however, indicate the mode To determine this it is 
necessary to look also at the tonic triad, which, as we have already stated, is major or minor 
according to the mode 

Chord of the Ninth — If to the dominant chord a fafth sound be added, a third above Hit 
seventh, and consequently a ninth above the root, we obtain a chord of the ninth, e g 

g-b-d-f a m V major, 
and g-b-d f-a b, in C minor 

That obtained from the major scale is called the chord of the major ninth, that from the minor 
scale the chord of the minor ninth 

Doubling — If a sound of a chord is produced by more than one voice or instrument either in 
the unison or the octave, it is said to be doubhd Any note of a chord may be thus douhkil, 
but as a general rule the thii d and scienth, being by themselves of a more striking characti r 
than the other mtervalsr are the ones most frequently exempted from doubling 

OmisaUm — It also frequently liappeiis that one or more intervals of a chord have to be nniitkil 
Here again it is the third and seventh, together with the root of the chord of the kcv t nth tli 
can be least readily dispensed with, as they are the most characteristic intervals of the iluiid 
If the root of the dominant chord be omitted, we get the diminished triad on the bcicnth <1 
the scale before described 

Thus from the dominant chord g-b-d-f, by omitting the root g, we get the dimimshcd tn id 
h-d-f 

Diminished Seventh, Again from the chord of the minor ninth, by onutting the root, wt git 
a chord of the se/enth consisting of a diminished triad and a diminished seventh, eg , b d-f <1 ’’ 
from g-b-d-f-a b This is called the chord of the diminished seventh, and forms very iiiqxirt mt 
functions m modem music on account of the facibties it affords the composer m effecting chJiig*-S 
of key 

Position — In the preceding remarks, we have considered chords m the bght of the natural 
normal arrangement of their sounds, t e, as they stand m the order of thirds from their oKit 
upwards But any note of a chord may appear in the highest part without affecting the nature 
of the chord The variations then produced ore termed positions If the root is at the top as 
well os at the bottom, the chord is m its first position. Fig a If the third appears at the te'P 
the chord is said to be m its second position. Fig 6, li the fifth is at the top, the chord is in its 
thxrd positwn. Fig. e. 

a b c 

Fig. 

Inversion — Chords are further varied m effect, though not m their essential nature, when 
any other mterval than the root appears in the lowest part. These vanatioM m the arrange 
ment of the notes of a edtord are termed lavernoiM. • 
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If the thud appears m the lo^\C‘Jt part, the choul i-f siud to be in its yrat inrer'Mim Fifj a 
shows the first inversion of the coiiimou chord, aa the hrat iiiveraioii of a chord of the seventh 
If the fifth appeals iii the highest part, tho chord is said to he in its sctotid imerawn 
Fills b, bb 

If the seventh appears m the highest part, tiie chord is m its third inversion, Fig c 


a i aa bb 



Chord of the Sixth — These various inversions have special names deiivcd from the intervals 
which their more important sounds form with the lowest sound m each case Thus the most 
iniportant sounds of the triad are its 100I and thud In the hrst inversion the latter is thi 
lowest sound, and the foinier in ikes with it tin interval of a sixth hence tho hrst inversion of 
I iiunijion chord is called the diord the sixth 

Chord of the Sixth and rouilh —The second inveTsion of the common chord ls, for similar 
reasons, called the ihord of the fourth and sixth, or biicHy the six four r/ioid 

Choul oj the Fifth and ■iuth — ^TJit most iin])ortint sounds of the cltoid of the seventh ire 
its loot and seienth In tho first inversion of this ihord tho loot iiul si vmth form the intervals 
of a fijtli and sixth with the lowest hound , henco this invcisioii is call^iL tho thoid of the fifth 
and sixth, or briefly the nxfiie ihord 

Clvnd of the Third and Fointh — Tn the second invirsi»n tho root and seventh, with the 
lowest sound, forms intervals of a thud and foiiith, this inversion is accordingly designated the 
I hill d of the third and fourth, or Imeily tho tfuiefoiii ihord 

C/ioid of the Second — In the third inveision the hcveiith is the Inwist sound, and hecause tho 
root for ns with it an interval of a sciond, tho chord is called a thoid of the Snoiid 

Inversions of the chords of tho ninth are so rarely used, that it has not been deemed neees- 
' ey to supply them with similar independent designations 
Any interval of a chord may bo ocea^KinaHy rvised or lowered a seniitone Tn tins way, 
I onihiiied with inversion, certain most jihasing loitihiii itions (lavo been produced, Miiiii of 
a hi h have become BO important as to nient sjieei il names The chief of these arc eirtaia 
lioKis of tne sixth, which we must not oimt to deserilie 
T'le Italian Sixth — If we take the minor tlioi<l on the fourth degree of tho minor scale ~ 
M/ <// <i in A minor, and raise the root a semitone, r 7 , d f /-n, we gilt a chord with diminished 
(liiiil as well as a dimimshed fifth, and vvliidi is theicFore called a doubly diminishxd dioid 
Ihe hr"! incersion of this chord is called the chord of the Italian sixth 


Original Chord Chromatically Inverted 
alten d 



Tins chord is of frequent occurrence in music m the minor mode Its derivation is shown by 
tho fact that it is invariably followed by the dommant chord of the scale from which it is said 
to be denved. Thus — 




its — 




IV 


The OtrToan Sixth — If the chord of the seventh on the second degree of the minor mode be 
taken. Fig a, and its third be chromatically raised, Fig b, and then the chord be placed m its 
second mvenuon, Fig c, we have what is called the chord of the German sixth 


Original Chord Chromatically Inverted, 
altered 



C 



It will be seen that, by the omission of its root, this chord becomes identical with of * 1 , 
Italian sixth 

Tht FreniA Sixth , — Tf the root of the preceding chord be omitted, and the ninth added 


fundamental \Vith added Hoot omitted and ] Inverted 
Chord Ninth Third shaipened. 



we get an agumented chord of the sixth and fifth, which is sometimes called the French sixth 
The other inversions of these chords are seldom used 

Close and Dispersed Harmony — If the sounds of a chord are situated as close together as 
possible the harmony is termed close , if they are at greater distances from each other, thi 
harmony is said to be more or less extended or dispersed 

In a succession of chords it is very material that they shall be connected with one another 
This may be affected by so arranging that each succeeding chord has one or more notes lu 
common with its predecessor, or that their roofs are always related to each other 



In Fig a the first three chonls have the note (r in common , the third and fourth have the 
note C m common , the fourth, fifth, and Mxth tlic note F , the sixth and seventh the note tJ 
The succession is the more hniily welded when the notes which consecutive chords possess iii 
common are produced by the same voice or mstrument, or, in other words, when they arc lu tlu 
same part * 

In Fig 6, though the first pair of chords have no note m common, they are nevertheless eloscU 
related, the first being the tonic harmony of the key of O, and the second which is the tn id iiiiun 
the dominant of the key of G, the nearest relative of the key of C The third chord is the tn id on 
the tonic of G, and the fourth is the becund inversion of the dominant triad of the same ki i 
(G), and the fifth chord not only has two sounds in common with its predecessor, but is at tin 
same tune the dominant chord of the nearest relative of the key of G, namely, the key of !• 
major 

Consecutive Fifths and Octaves — Tn moving a number of voices from chord to chord, can 
must be taken to avoid what are termeii false pror/rcssions No two parts should be allowed to 
move m fifths or octaves, as in the following figure. 



where the upper and lower parts move in octaves, end the lower and one of the inner parts mo\ e in 
fifths Such progresBions are termed consecuiite fifths and octal es They may be avoided either 
by changing posstwn of the chords, or by otherwise altering the movement of the parts , 
thus 

or 



FesoluHon — The movemaat of a part from an interval of one chord to one of the next foUowitig 
chord IS called a resobUton. The firat mterral is said to resolve itself mto the hitter. Ceitun 
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ihnrds require that their intervals shall be resolved in a particular direction, and to certain m- 
rials of the following chord This is particularly tlic cast, with the dominant chord, and the 
Lliords of the ninth derived from it In the resolution of these chords the gcneial rule is for 
The seventh to descend one degree , 

The third to ascend one degree , 

The fifth may move freely , 

The root to move to the root of the next chord , 

The ninth to follow the seventh downwards one degree 



7th 9th 


The same rule applies more or less to the mversums of the dominant chord, chord of the ninth, 
and diuumshed tnail 

,)fiidulation — It very rarely hapjiens that a composition reni mis its entire length in the key in 
ulinh it commenced, and to which it chiefly adhtics, and which is called on this account the 
1(1/ 'if thejneec, or the principal Ley 

X ( liange from one key to another is calleil a moilnlatwn If tho new key is continued foi a 
Iriif space only, and the idea of the pmuipil key is not wholly obhter itwl fioiu the muul, tht. 
r I'llul ition IS said to bo hausicnt If tho new key contmucs for any length of time, the mudu- 
' itioii IS said to lie confirmed 

Tin keys generally selected to follow the principal key are those most intimately related to 
it These aie, first, the keys of the dominant an<l SHh-domtnant , next, tho rditivo minor kiys 
"t till time, domtnant, and auh-dommant If still further modulation is required tho keys most 
111 . II 1> 1 dated ii> these are entered Pieces in a major key generally modiil.ito first into tho 
ki\ of the dominant Those in a minor key move most frequently into its relative major 
M ill n a composition follows tho above scheme of niudulatioii, its modulation is said to bo 
■•I hud I r natural 

tsK ill times for the sake of effect a sudden change is effected into a more chstont key In this 
( 1 - i-’t 'undulation is termed abrupt • 

Mi)ihil.ition IS effected by ratnxlucang sounds cbaractcnstic of the key into which it is desired 
liter Now, as the dominant chord is the most wrtain indication of tho key to which it 
h ' iigs, it i< foued to be the most potent agent for cilecting modulation If, for example, in 
‘ I'lMi 111 tho key of 0 major, tho chord dfjjfa-c rnarlo its apjiear.incc, wo should know at 
ri' til it a modulation was being effected into the key of tho dniiiinant G If tho combination 
-/ 6 (Z Were heard wo should conclude that a modulation was ticking place into tho relativo 
ii.uiDr A We here append a few modulations by way of example — 


C to D C to B b 



CtoD b 




Cl Dv7 Di Ci Bbv^Bb Ci Abv^ Db 


Ii very distant 


ehanges of key are required, intermediate connecting 


chords ore introduced. 


CtoDb CtoGb 



CL FI Dbv^ Db Cl Fi Gbv^ Gb 


ii,^ changes may be made, that is, the same sounds may be represented in the nobir 

of thcir enharm^pically parallel sounds, thus — 
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a C| or Dbto Eb 6 Gb or Ejj| to G 



At a, speedy modulation is effected between tbe two veiy distantly rclatbd keys of Cftancl 
E b, by Bimply substituting for the first chord of C its enhormonically parallel chord 1) b, iihuh 
18 much more closely related to the required key An almost equally distant modulation la 
affected in a similar manner at b 

The chord of the diminished seventh affords a ready means of getting from one key to another 
with the assistance of an enharmonic change, although it is not so pronounced and decisiie ni 
its effect as the dominant chord Owing to the peculiar relationship of its sounds, it m i\ bv 
the successive substitution of their enharmonic parcels be wade to point to as many as four 
different and distantly related keys 


a h c d e 



At a we have the ditninislicd seventh chord on the seventh degree of A minor resolving itself 
into the tonic chord of the some key , at b we have the same sounds, only by reason of the enh ii- 
muuic change, Ab instead of G^, they ixnnt to the key of t! minor , at c we have the suiil 
chord, but with two of its sounds subjectetl to an enharmonic change, pointing to the key of 
E minor , at d in a similar change of three of its sounds it appears as belonging to the ki) 
of E ^ minor , and at e by an enharmume change of all its sounds it points to the key of 
1) S minor 

7'b/se lidation — When two successive chords contain the same degree of the scale, hut ilin; 
matically varied or lowered lu the second chord, the chromatic alteration should be made m tlu 
parts or by the voice which sounded the original note , os at A and not as at B 

c 



The non-observance of this rule produces what is called a false relaium between the jisr'- 
which is disagreeable to the ear This was a great bugbear to the ancient theorists "1" 
termed it “ mi contra fa ” There are certain cases m which, when the effect is modiheil hi 
surrounding circumstances, its use may be justifiable, but as a general rule it is better ai<<i ii 1 
altogether 

The progression of a senes of chords may be considered, in fact is always most properly d'H 
sidered, as the simultaneous progression of as many distinct parts or melo^es as there aio m t> ' 
in the several chords In this view of the progression of parts in harmony several very luipor 
tant and interesting features find their most natural explanation . 

Suspenaton, — We have hitherto considered that the several parts progress from chord to chonl 
simultaneously But a great variety of very charming effects are obtained by the dis 
taneoua progression of the parts One of the most important of these is the suspension Anoti 
is said to be suspended when it is continued from one chord to another to which it does not 
properly belong, and into a projier mterval of which it must finally resolve itself. 
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At tt the note B la suspended during the first half of the second chord, and resolves itself 
mwards into the note C This is called a suapensioi^ /row helow At b the note B is sua- 
|ii.iu1cd during a portion of the second clionl, and resolves itself finally downwards into a note 
f that chord This is called a suspension from abate It will be noticed that the suspended 
note makes its appeal ance as a proper interval of the previous chord This previous appearance 
IS called by theonsts the preparation of the suspension 
Anticipat on — Sometimes dunng the continuation of a chord, a sound having no connection 
sith it, but belongmg to the succeeding chord, is introduced without any sort of preparation 



In the above example the note C in the first bar has no connection with the chord c-g-b, but 
liclongs to the following chord of the fifth and sixth e-y h b i Such a [Uctii itiiro ap^ieaiance of 
a "ound IS called an anUtipatwn, and the sound itself is cillcd an anticipated sound 
Pedal Note — Sometimes a sound of a chord is cuniinucd during the passige of a scriis of 
'tin r chords to which, it quite foreign, and until a chord occurs to which it does belong Such 
lI sound is called a pedal note, the whole passage in which it occurs a jtcdal passat/c 
Passing Notes — In passing from one mterv.d of a chord to the next the nitcrincdiate note' or 
notes may be touched The notes thus introduced are called notes of tratisilion or passing 
rules 



The notes D and F (Fig a) in the above example arc* passing notes 

1’ issi ig notes may bo diatonic or chromatic di itonic, and they may be introduced to thr 
nuiiiocr ot three or even four m succession Fig b, in which the notes C ^ D, I) ft, and F, are 
11 1 mg notes » 

/'//'jn tu/h Bass — Thorough bass is a kind of musical shorthand in which the harmony of a 
cuinpoHit'on IS indicated by certain figiues placed above or below the bass part 
If no li r' le appears over a note it is understood that the common chord on the bass note is 
to be played. This chord is also figured by a, 3, |, etc 


3 i-rl 

7 

X or 3 
3 or J 
« 


signifies that a chord of the sixth is to be played 


sixth and fourth is to be played 
seventh „ 

sixth and fifth „ 

third and fourth „ 

second „ 

ninth „ 


A chromatic sign before a figure has the same effect as though it were placed before the note 
Mpresented by the figure When the third from the bass note is to be thus altered, the chro- 
uiatic sign IS written without a figure Suspensions, anticipations, and jiassing notes are indi- 
by figures showing the interval they severally make with the bass note. 

The above are the chief elements of thorough bass notation , several other details are intro- 
‘luced which it is not necessaiy here to enumerate As a system of notation it is very deficient 
In that it does not represent the number of parts that are to be used, nor the rhythmical divisions. 

great use consists in the fact that it enables a composer to convey quickly to paper a rough 
* cleton of his thoughts while they are fresh on his mind It is not, however, so mucli used 
“ow as in former times 

colliery experiment See Earth 
MOON The full moon which falls nearest to the autumnal equinox Near 
equmox the half of the ecliptic visible at sunset makes the least possible angle 
lj “ the horizon Thus, when the moon is nearly full, or rising as the sun sets, she is travel 
% at the least possible angle with the horizon, and thus on succesBive nights nsea nearly at 
■UBe tune, or rather at tunes separated by the lesst possible mtervals. 
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HEAT Wheii we touch anything which, in ordinary language, is eaid to he Iwtter than our 
selves we experience a peculiar sensation, familiarly known as heat The term is derived m a]] 
probahility from the Sanskrit ind]i, to kindle, tlirough the Greek aiQu, the Latin cestm, and the 
old German eit It is also closely related to the Gothic hattan, the Frisian hjitte, the Icelandii. 
hita, and the Anglo-Saxon Jiaeto These words are all related, more or loss directly, to iriius 
“ ^»tui,” says VosBius in his Lexicon Eti/mcHoijicon, “ est commotio, vel in vjm, %el la aijm jt? 
in ammo, otania antem commotio fervorem gigmt ” Inasmuch as heat is now considered to lie 
a motion belonging to matter, not, as was formerly believed, a kind of matter itself, it will ho 
seen that the word heat is peculiarly appropriate for designating the science Wc must rcaanl 
heat as a motion appertaining to matter — a motion of the infimtely small particles, or atoms or 
molecules, of which all matter is composed This motion, when commumcated to the brain 
through the mtervention of the particles of the cerebro spinal nerves, produces in us the sens-i- 
tion by which heat is familiarly recognised and known , and when communicated to luanmn^e 
matter it produces various changes, which will be described in detail elsewhere TiUiMtliin 
the last twenty years, heat was almost umveraaJly considered to be a kind of very subtle matter, 
capable of passing, in its material form, from one substance to another Nevertheless, from 
the earliest times, certain philosophers have expressed their opinion that heat is not mateinl, 
but rather a quality of matter The Stoics regarded fire as the active principle of the umur e, 
because it possesses innate motion Epicurus considered heat as an effluxion of niimiiu 
spbencal particles jiossessmg rapid motion, and capable of insmuating themselves into the 
densest substances m virtue of their smallness and the rapidity of their motion Lucretius, 
who followed Epicurus somewhat closely, maintained that both the light and heat of the «nn 
aic the result of the vehement motion of primary particles (“primi minuti ”) Anstotlc ippi. us 
to have regaidcd heat rather as a condition of matter than as matter itself By the amunts 
generally, fire (under which term was mcludcd both light and heat) was considered the aitnc 
agent of the universe , it was the force exertising itself upon matter The function of fire is 
well signified in the story of Frorntthtus, who was fabled to have stolen fire from lieaveii, and 
therewith vivified mankind Fire was the antma, avhile the inferior elements, air, wiitei, .mil 
earth, together constituted tho eoi jpita The views of the ancients regarding the n.i.tuie of li(..it 
appear to have been somewhat generally adopted dunng the Middle Ages Gardanus (6 isoi) 
freiiueiitly speaks of “motm ignis” and “ motus cnloiii” liobert Fludd, writing in 1617, 
afhrms that heat is tho ultimate effect of tho action of light, resulting from the motion of 
material particles Tclcsins of Cosenza asserted that beat is the cause of motion, cold of 
rest, and that the interaction of these incorporeal principles produces all the phenoinciia of fbi 
universe Francis Bacon avas one of the first to deny the elemental nature of tiro, by affiiiuuig 
that it IB “ merely compounded of the conjunction of light and heat in any suh'-t.iiitc ” Lhc 
where, he defines heat as “ not a uniform expansive motion of the whole, hut of the small j) irts 
of a body , and this motion being restrained, repulsed, and reflected, becomes alternating, P' r 
petually hurrying, striving, struggling, and irritated hy the repercussion, which is the »oui ti <'f 
the violence of fiame and heat " Ag.ain, he says, “Heat is a motion, cxjiansive, restra ncil, iml 
acting ill its strife upon the smaller particles of bodies ” As an example of the producti m <>f 
heat by the motion of a mass, he mentions that a piece of metal, when hammered, becoini-s lint, 
and if the hammering were continued, would probably become red-hot — an effect which in ly 
readily bo produced, and an example which, to this day, appears in our text-hooka Desc irti 
who has made many most pertinent remarks regarding heat m his Prinmjna PhiloiophiiP, i.-'-fits 
that a nail which is being driven into a block of wood does not grow hot until after it has beia 
forced home by the hammer, because heat is the motion of the insensibly small parts of mittn-r, 
not of masses , and so long as the nail itself is capable of moving, tho force of the blow w 
expended in producing the motion of a mass, not in moving the minute particles of the boilv 
John Locke seems to have fully recognised the theory which considers heat as a motion oE 
matter “ Heat,” he says, “ is a very bfisk agitation of the insensible parts of the object, whicn . 
produces in us that sensation from whence we denominate the object hot , so that, what m our 
sensation is hmt, m the object is nothing hut motion ” Thus far we have spoken of tho 
of certain old writers who regarded heat os motion , hut, side by side with their dogmas, 
flounshed an hypothesis which affirmed that heat is substantubl. Towards the middle ? 
seventeenth century there arose a theory which, for more than a century, profoundly influence^ 
the scientific world, and which proposed to account for various phenomena by the absorption 0 
rejection of “ matena ant prmcipium igms, non ipse ignis" — the matter or prmciplo of fire, n 
fire itself This was known as the theory of Phlogiston (see Phlogiston), and was 
applied to chemical phnaomena The materia ignis, or ^Xoviittw, was supposed to be a M i 
invisible matter, capable of readily passing from one substance to anoth^, and of P^***^^ 
vanouB changes, according as it was accumulated in, or separated from, different substan 
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'rom this arose a very extended theory of matciiallscd heat, which wna, in one fonn oi other 
generally adopted during the whole of the last, and f.ii into the piescnt centurj Wt, see 
hercforc, that there had gradually arisen side by side tuo distinct tlieonea m regard to tht 
latiire of heat , the one regarding it as matter, and calling it Phlogiston or Caloric ^coAjj , heat 
Fn)in caleo, M/Xota), and known as tlic Muicrial Thco>}/ (maloia, luattei) , the other rtgaidnig it 
is a rapid motion of the small particles or molecules {moluulti, a small mass) of matter, and 
,nown as the Kinetic Tlmry {KLvi]ais, motion), or the Lyaamic Theory (Swm/Ms, force), or as 
Thermo^y timtcs 

At the close of the last century the matciial theory was universally adopted, and wo hive 
now to consider certain expcmneiits which wcie then niadi winch proved its fallacy and paved 
the way for its downfall m our day. In the various cvauiples in which heat is produced by 
mccli lineal means, such as friction, compression, and jiercusMoii, the matenahsts accounted for 
the di iilopment of heat by asserting that the act of friction, &c , ultcied the capacity for heat 
of the substance so acted upon A nail becomes bot when it is hammered, they said, because 
its jiarticlcs are compressed and the heat ns it were sipicczcil out, like water from a comi>it8sed 
sponge , the unhammered metal has a greater cap icity for heat, or capability of holding it than 
the liammerod metal They denied the possibility of pioducing new heat, asserting that the 
quantity of heat m the universe is a const uit (pi intity which c iiinot be incrc.uiicd or (liniiiushud, 
and which manifests itself onlyw'hon pissmg from ore siibstinco to another Again, it was 
lull Unown that certain different substancos possess a greater e ipacity for heat than others, for 
e\iinple, that more heat is loquircd to raise one pouiul of water lo” than fo cipially heat one 
piiinil of mercury , and the materialists explained this by saying that the water hail a greater 
power of stoiing away heat than mercury In 1797 , Count lUiiuford, whil(> supei intending the 
1 ) iimg of cannon m the Arsenal of Munich, was huipiiscd to find the very gicat extent to wliuh 
i gun became heated dUnng the process, and that the metallic sliavings separated by the boier 
Were y.t more heated He was led to examine this result by the assertions of those who 
ulnptcd tin* material theoiy of heat, for if, as they iWiiiued, the heat of fnction results fiom an 
lit red capacity for heat in the substances submitted to fnction, it follows th it all the heat 
(i! ved m the cannon and the metallic shavings must have resulted from the altered capacity 
for luat of a few ounces of metal shavings But this appealed uicicihble , moreover Ilumfoid 
{mind on experiment that the metal shavings h,*id precisely the same capacity for heat as the 
Hihd in tat of the cannon He then constructed .i special ap]uintus for the production of heat 
l"i fiic^K'n, m which a blunt steel borer was caused to rciolve by hotse-iiowor, and to press 
1^1 list the bottom of a met<il cyhndci Tins cylinder was surrounded by U'^econd one m which 
" Is I’l I ej 2^ gallons of water possesMing a tcmiHiriturc of Go“ E Tlius the beat produced by 
tile fiK t.on of the blunt borer against the miicx cylinder was coniiniinicatud to the water in the 
1 1, li r cylinder One hour after the comniciiccmc iit of rc'ioliitinn of the borer, the ttniperaturu 
Ilf till watei hal risen 47°, that is to 107° , during the next halE-lioiir it rose to 142'' , at the 
I iiil of two hours to 178'’, and m two hours and a h.ilf the ivhole mass of 2) gallons of water 
crtuilly lioilcd by the heat of friction llcie then we have in ex.unjilc of the coiituiuons pro- 
iiiiitioii of heat 

“It IS hardly necessary to add,” he writes, “that anything winch any insulated body or 
tj stem of bodies can continue to furnish ttit/coMt hmiMioii cannot iiossibly be a material sub- 
'tinec, and it apiiears to mo to bo extremely dilheult, if not (juitu uupossiblu, to form any 
i‘i',tintt idea of anything capable of being exeited, ind coniiiinnicated in these cxjunmi tits, 

‘ scL])t it bo tnotiOK ’’ This was the farst and most deeisixe blow winch was aimed at the then 
‘lUiiiunt material theory of heat A few years later Sir Hunijihry Davy proved einiehisiiely 
tile immateriality of heat It was well knoivn that water at the freezing tcmiicr itiire has a 
sTtatcr cajiacity for heat (or more heat stored up 111 it, as the matenalists said,) th.ui ice at the 
'^unc temperatmo (See Latent Jfeat ) To liquefy lee a laigu amount of heat la leijuiroil lx foro 
tie temperaturo of the resulting water conimenets to use, “Now,” said Davy, “if I, by 
•nction, liipiefy ICC, a substance wall be produced which contains a far greater absolute amount 
'n licat than the ice, and in this case it cannot with any sliow of iea«oii be .afliniied that I 
t-ii rely render sensible heat, which had been previously insensible in the fnwen mass Liquefac^ 
on in this case will conclusively demonstrate a yenerafion of heat” Accordingly he rubbed 
'Aether two pieces of ice placed both in air and in a vacuum, and surrounded by a freezmg 
‘ inosphere , the ice was liquehed, and the direct generation of heat by mtehanical means was 
^'^®*'i>clusi'vely proved * 

^ Although the falsity of the material theory of heat waa proved thus early in the century, it 
means abandoned , indeed, the dynamic theory Lad scarcely a supporter, and this 
^ te of things continued until it was proved that a certain definite amount of mechanical work 
^-'iresponds to a certam dehmte amount of heat, and iicevema, that is, until the determination 
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of the BO-called meclianical equivalent of heat This was commenced about 1842 by Dr Julim 
Mayer, of Heilbronn, and m 1843 by Mr Joule, of Manchester, and the results obtained (bv 
perfectly distinct methods) proved that 772 foot pounds of mechanical work must be expended in 
order to prodube one umt of heat, in other words, that i lb of water falling under the intfuence 
of gravity through 772 feet, has its temperatore raised 1“ F when it comes into colhsion mth 
the earth (See Mechanical JJquivalent of IleaJb ) We have here, then, proof of the direct con 
version of the motion of a tangible mass, that is mechanical work, into the motion of intan-nble 
molecules, that is heat , and we have the precise relative values in their respective units "The 
converse of this also takes place, for a given amount of heat truly represents, and is capable 
of being converted into a certain definite amount of mechanical work The extension and 
application of this important demonstration will be found m various portions of this work 
The science of heat, properly so called, is younger than nearly all the physical sciences and 
this arises from the fact that until late in the last century heat was regarded simply as a chemical 
agent (See Caloric ) There were no separate treatises on heat, but a chapter was alnajp 
devoted to it in works on chemistry In one sense the theory of Phlogiston (which sec) la 
essenti illy a heat theory, but it has always been regarded os a chemical theory, because heat plai-i 
so important a part in many chemical operations that the agent became hidden, so to speak, in 
its applications Pyrolcehma (irDp r^xvri) was indeed one of the many names by which chemistry 
was known “car, en effet,” says Leinery, “e’est par lo moyen du fou qu’on vient i bout do 
presque toutcB les o^dratinns chymi(|iies ” In old scientific works we frequently meet witli such 
words as ial(inatia^ i/fnitio, cmcfattio, 1 eierheratio, desvccatio, mbhmatio, and dutillatio, and 
the applications of heat to clicmical processes arc now more numerous than cur 
S’dravesaude, writing m 1742, gives 45 pages to heat in his Phyncee Elementa Matkcmatna, ji t 
it was more geneially made a jiart of chemical treatises until the present century, when separate 
works oil the subject inficqucntly ajipeared Of recent works we may specially mentnm 
Tyndall, " On Heat considered as a Mode of Motion , ” Balfour Stewart “ An Elenicntarv 
Treatise on Heat , " A Cazin, “ La Ohalcur , ” and Olausms, “ On the Mechanical Theory oi 
Heat " The various phenomena connected with heat will be found discussed under separate 
headings m this Dictionary (See specially J6sosjJfio» / 7 ccet, Calorescence, Conduction, Con 
veetion , Ebullition, Expansion, Latent Ilent, Liqutfaclion , Eadiant Meat, Solidification., 
Specific Hmt, Tempeiature, Thermometiy, Vuporizatiffn ) 

HEAT, ANIMAL See Animal Heat 
HEAT, ATOMIC See A tomie 2 Imt 

HEAT'ENGINh* A machine in which heat is transformed to mechanical force Snrh a 
machine consists of a source of heat, a receiver of heat or refrigerator, and a means of coui c) 
ing heat between them , and it produces work while heat passes from the source to the 
lefrigerator By means of a conception duo to Carnot (see Carnot’s Function), Sir Willniii 
Thomson has determined tjie amount of work which can be produced by a perfect lieat en^iiio 
of any kind The fraction of the heat, which is converted into work, is directly propoi-tioUiol to 
the difference of the temperatures of the source and refrigerator, and inversely proportional to 
the temperature of the source If we take the number oif degrees above the absolute zero of 
temjieratuFc, the fraction of heat available for work in a perfe^ engine is equal to the range of 
temjieratuie, divided by the temperature of the source reckoned from the zero of absolute tern 
jicrature For example, suppose the temperature of the source of heat to be 142° C , and that 
of the refrigerator 69“ C , and the absolute zero of temperature —273° C , then the fiaction of 
the heat expended, which is available for work, is 142—69, divided by 142+ 173 or one fifth 
Again, suppose the heat to be supphed to this machine, by burning a material, a pound of 
which yields, on combustion, heat equivalent to io,ooo,o(x> foot pounds, then the woik done hy 
the engine for every pound of fuel burnt iinll be 2,cxx),cxx) foot pounds It is evident from this 
law that the greater the difference of the tenqteratiires of source and refrigerator, the more 
economical will be the engine, and os in general the lowest temperature will be that of the 
surface of the earth, and therefore constant, it follows that the greatest economy is secured * 
ivith the highest attainable temperature In the steam-engine, worked with saturated vapour, 
the temperature of the steam will depend on the pressure uuder which it is produced, and is 
therefore limited by the strength of the materials employed In the steam-engine, worki" 
viith steam to which additional heat has been communicated after it has left the boiler, aiu 
while not in contact with water, the limit depends on the temperature at which the steain at w 
chemically upon the metals containing it, and also on the powe^ of these metals to resist le 
action of heat. The same limits to high temperature occur with hot-air-engines, as 
steam-engines (See Steam-Encfine , Hot-Air-Eniftne, Gas-Engine) . ,1, 

HEAT OF CHEMitJAL COMBINATION A matter of the highest importance, bom 
practical and theoretical, is the evolution of heat dunng chemical combmafion. Ordinaiy to 
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'bustion, as whoa heat is produced by the burning of coal or wood in air or oxygen, la a very 
familiar example , another is found m animal heat, which arises from the conversion of the 
carbon contained in the food, into carbonic acid gas .by the oxygen which is taken into the 
lungs , a third case is found in what is called by Licbig Ertmacavxia {ilpefios, slow , Kauris, u 
I.urmng), a® when moist leaves, damp hay, or other organic matter, slowly oxidising m the air, 
become heated often very intensely , heat is also well known to be given out when a metal, 
such as zinc, is acted on by an acid , and it is true that no chemical combination, if we exclude 
fioin cheini'’al combination cases of mere solution, can go on ivithout the evolution of hc.it. 
Kven when cold is produced by solution, it is due to alteration in physical condition, generally 
to a change of a solid or solids into a liquid 

The determination of the heat due to chemical combination is by no means easy Were it 
•iiiflitient to bum a pound of carbon or of hydrogen m a huflicicnt supply of oxygen or chlorine 
within .1 calorimeter, and then note the incienient of heat, tho problem would perhaps not pre- 
sent much difficulty , but tho properties of the new compounds formed as a rule differ widely 
from those of the elements of which they are composed , thus a solid may become gaseous as c-ir- 
kin in carbonic amd, or two gases a liquid , therefore, tho specifac heat and the latent heat may 
change, and it is very difficult to ascertain the effect of these alterations upon the observed 
increase of heat The experimental exammition of tho ipicstion was fust undertaken by 
Lii cuaier, who was followed by Dalton, Davy, Dulong, Despret/, Hess , tho most recent results 
me those of Andrews, and of I’avre and .Silbcrmanii, and of these we shall give a hi lef account 

We must refer the reader to the onginal memoirs for an account of the stjip iratns used, and 
Ilf the various precautions taken in perfoiming the expeiiments , it is sufficient to s.ay tint both 
ii'ud calorimeters m which the combination was caused to take place within one vessel 
iijiiiier^cd m a second, which was filled with water, extraoidinaiy precautions bi ing taken to 
aiiiid loss by radiation • That of Andrews is described in the Phtloaophiail Mai/azine, May 
ihqS , that of Eavre and Silliemanii in the Ann de Chtmc, III , xx\iv , xxxvi , xxwii After- 
s mb Favre and Silbermann used a mercury thormomettr with a veiy largo bulb, having a 
•lollow opening into it within which the substances to be experimented on were placed 

A might he expected fiom the known laws of energy, the combination of given weight, ono 
elLiiiciit with an equivalent quantity of another, gives rise to a deflnito amount of heat, both 
ikiiiints being in a given condition The following table, quoted from Miller’s Elcincnts of 
I liimisfry, gives concisely what are called by Eavro and Bdbcnnann the ridon/t, equivalents of 
the \ Hums elements when combined together “The uumbers given indicate the quantity of 
III at cvehed by the union of eiimvalent quantities of oxygen, chlonno, l^omme, iodine, and 
Milphi 1 nth each element, taking as the standard of comparison the number of grammes of 
« itcr at o“ C , which would be raised to l" C by the combustion of one gramme of hydrogen in 
■njgtii ’ The numbers for the various elements aie i ilculatcd fiom their equimdent numbers, 
and not fio.n thiir atomic weiqhls The observcis arc Andrews, Favre and Silbermann, and 
Duloug Those numbers to which an asterisk is prefixed are calculated by indirect methods — 


Calobipic Equivalents op Vaiiious Elfments (0 8) 


Llements 

Observers 

Oxygen 

Chlorine 

Bromine 

Iodine 

Sulphur 

Hjdrogcn, 

F and S 

34463 

23783 

*9322 

*-^3606 

**741 

( uiliiin, 

n 

24240 





Siilpliur. 

If 

177^ 





I’hosiihoruB, 

A 

^6072 





Potasiiiuiii, 

A 1 


VO4476 




Do 

F and 3 f 


*100960 

•901 50 

*77268 

*45638 

Sodium, 

It 


94847 




Pme, 

A 1 

42282 

50658 

40640 

26617 


v”” • • 

F and 3 > 

%V 45 » 

*50296 



*20940 

Iron, 

A > 

3307a 

32695 

*3833 

8046 


Do 

F and 3 > 

^37828 

•49651 



*17753 

Tin, 

A 

335^9 

31722 




AwenlcuiH, 

H 


24992 




Anlnnouy, . 

Dulong 

47000 

A 30401 




<-"1 per. 

IF ) 

19152 

30404 




iJo 

F and S f 

•21885 

*29524 



* 9*33 

bead, 

If • 

•27675 

*44730 

•32802 

*21208 

*9556 

Silver, 

tf 

*6113 

•34800 

T 

*18651 

* 55*4 


As an example of the use of this table, it appears from it that the burring of one gramma 
one pound) of hydaogen m oxygen to form water, would give rise to as much heat as would raise 
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the temperature of 34462 grammes (or pounds) of water from o” C to i" C. Again 12 nc 
being the equivalent number for zinc, the combination of 32 75 grammes (or pounds) of au 
with a sufficient quantity of oxygen (8 grarnmcB or pounds) to oxidise it completely, gives ’ 
to as much heat as'would raise 42282 grammes (or pounds) of water from 0° C to 1° C 11^^ 
the combmation of the same weight of zinc, with an equivalent quantity of chlorine ('c e 
grammes or pounds), would evolve enough heat to raise 50658 grammes (or poimds) of water 
from 0“ C to 1“ C 

Favre and Silbermann proved, by examining carbon, sulphur, and phosphorus, that eriual 
weights of the same hody, when in different allotropic conditions, do not evolve the same qmn 
titles of heat during combustion, and also that, in the case of compound bodies burned the 
condition as to form before combustion has an mfluence on the amount of heat given out ' 

Andrews determined, in a large number of cases, the quantity of heat evolved dunn» the 
precipitation of one metal from its salts by another metal His numerical results will be found 
in hiB paper on the subject in Phil Trans , 1848 He came to the foUowmg important con 
elusions — 

(1 ) That when an equivalent of one metal is displaced by an equivalent of another metal 

the amount of heat given out is the same, whatever bo the acid of the salt, provided that the 
former metal is m all the salts m the same state of oxidation , but that if different precipitating 
metals be used, the quantities of heat evolved are different ° 

(2 ) That the following is the order of the metals arranged, so that the first evolves mist 
heat when used to precipitate the metal at the opposite extremity of the hst — 

Zinc Mercury 

Iron Silv er 

Lead Platinum. 

Copper 


It will he noticed that this is the electro-chcmical order of the metals Each is electro poii 
tive with respect to those which follow it 

(3 ) If there be three metals, A, 13 , C, such that A will displace B and 0 from their silts, 
and B will displace G from its salts, then the heat evolved, when an equivalent of A disphtis 
an equivalent of C, is equal to that given out when an equivalent of A displaces an equivalent 
of B, together with that given out, when an equivalent of B displaces an equivalent of C 
Again, we observe here an electrical .analogy , foi if tlierc be three metals, A, B, C, aiTitiffi il 
m order, the electromotive force between A and C is equal to that between A and B, togctlur 
with that between, B and C 


For farther particulars on this subject we must refer our readers to the papers we have .d 
ready mentioned, to a memoir by Profeosor Andrews, published in the Tiansactions of the llev il 
Irish Academy, 1S41, and to a “lieport on the Heat of Gombmation,” m the Kepoits of tii>- 
British Association for the Advancement of Science, 1849 

HEAT OF CURRENT See Curient, Ihatinq E^u ts of 

HEAT, SOURCES OF Thesourccsof.heatmayberangedundertlireesepnrateheadv- 
firstly, exfra-terresfisal sowreea, including the auu, moon, and stars Secondly, ten csfiirtliotoo', 
including the various actions by which heat is generated on the earth, such as meehauK d 
action, eheimcal action, electnci^ in motion Thirdly, mtra ten cUnul sources, that is, the in 
uate heat of the earth, manifested to us by the eruptions of volcanoes, hot springs, &c 

I Solar Ueat First and foremost is the solar heat, from which all the heat of the nKi<'‘ii, 
and almost all the heat of the eartli, is supplied ITie amount of heat emitted by the sun h ij 
been measured with considerable accuiacy both by Sir John Herschel and by M Poi'illet, ami 
then- results agree very closely, for the former finds that the effect of a vertical sun at the kul 
of the sea is sufficient to melt o 00754 of an meh of ice per minute while the latter makes the 
quantity O 00703 mch These results were obtained by an instrument called a pyilnhumctir, 

(whch see), by means of which the total amount of heat falhng on a given area can bo mea-m'-di 
and expressed m terms of a known quantity of mercury or water raised through a certain t 
her of thermometnc degrees From voiioiis determinations it has been calculated that the 
total amount of beat re> eived by the earth 111 one year, including that absorbed by the atiiu'S’' 
phere, would be competent to melt a stratum of ico 105 feet in thickness, surrounding the vv m v 
earth At the actual surface of the sun, ice would be melted at the rate of 2400 feet in 1 11c 
ness per hour The heat which wo receive from the sun is not .only enormously weaken*. ^ 
the distance, but the aqueous vapour in our atmosphere intercepts no less than four-ttnth'i ' 
tho total quantity of heat which enters it The amount of solar heat which falls upon 
being detennmed, it once becomes poasiblt for us to calculate the total amount 
emitted by tho sun. Let us imagme that the sun is the centre of a hollqw sphere, the raoi 
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of which IB the distance of the earth from the sun , now the area of the sphere can be c-ilcn- 
latcd, as also the area of the section of the earth, which intercepts all thelieat falling upon it 
The relation of these areas to each other is as i 2,3o6,ocx5,ooo , therefore, the earth leccivts 
only aJm Wow total amount of heat emitted by the sun Various theories have been pro- 

ixmndod in order to account for the source of the sun’s heat, and its maintenance The sun 
dissipates m one year os much heat os would bo produced by the combustion of a stratum of 
coal seventeen miles in thickness surrounding the sun, and we have no reason to imagine that 
either a greater or less amount of heat is given out now by the sun than in former ages We 
caunot unagine that the sun is a molten globe m process of cooling, for it would long smee have 
dissipated its surface heat , nor can we behove that combustion is taking place at the surface of 
the sun, for the supply of combustible matter, and of gases to support tlie combustion, could by 
no possibility bo maintained Indeed, if the sun were entirely composed of coal, and supplied 
with oxygen sufficient to consume it, it would be burnt up in the couise of five thousand yeais 
A bold and ingenious theory of the source of the lieat of the sun has been elaborated by Mr 
Waterston {British Association Jle}}orts, 1853) — the so-called Mittoi it Theot y of the Suns Heat, Ac- 
coidmg to this the beat is supphed and maintamed by inochaiiical means, by the conversion of 
the motion of masses of matter into heat We have before seen (see Halt), that mechanical 
force and heat are convertible, and Mr Waturston conceives that there is a constant ram of 
meteorites on the sun’s surface The velocity of meteors ncai the sun is prodigious, it may 
aiiiuinit to 3CX} or 400 miles per second, and then force of impact, and the itwulting heat, would 
he also prodigious 

2 Jleut of tfie Moon Many attempts have been made to measure the heat of the moon , 
there IS a general feelmg that heat must accompany light , and some of the older ob<‘cr\cis 
tL lught they could detect the heat of the moon by means of an 01 dmary thermometer Tcliirn- 
li iiiscn condensed the beams of the moon by means of his large burning-glass, but could get no 
indication of heat, and a few years later La Hire condensed moonlight more th.tn 300 times 
ivitli the same result After the mvention of the thermo-eloctno pile (the most delicate detector 
of Lmt with which we are aei^uainted), Mclloni and Forbes made certain experiments, m which 
moon ight was powerfully condensed on this mstiument, but without any very definite results 
rocbcii calculated that if the moon did transmit any heat at all, its heating effect when at the 
full at the surface of the earth was less thau part of a degree centigrade We have stated 

that our atmosphere absorbs four-fifths of the heat which enters it , now it was imagined 
la 1 rofessor Fiazzi Smith that although at tbo surface of the earth the heat of the moon could 
not liL di tccted, it might be apparent at a great altitude above the earth, wneielcss heat would 
Iiaic been absorbed , accordmgly, lu 1856, he tried the effect of the moon upon a thermopile at 
all elevation of io,OCX} feet, at which he had established an astronomical station for various ex- 
periments L'heie was no doubt now that heat accompanies moonlight, and Smyth estimated 
the heat as equal to that emitted by the hand at a distance of 3 feet M Mane-Davy has esti- 
nated this as 750 nullionths of a degree centigrade Lord Kossc has recently made fresh ex- 
periments on the heat of the moon, using for that purpose a 3-fLet reflecting telescope, and a very 
sensitive thermopile His experiments have led him to the conclusion that the heating effect of 
thf moon upon the earth is that of the sun, and he concludes that the surface of the moon 
posaoases a temperature of about 500“ F {Prot Boyal Society, vol xvii , p 436) 

3 Heat of the Stars In February 1869 Mr Huggins communicated a “Wote on the Heat 
"I the Stars” to the Koyol Society, in which he mentions th.it in the summer of 1866 he was 
l''d to imagine that the heat of the stars might possibly bo detected more easily thau the solar 
j at reflected from the moon, and that he shortly afterwards obtained decisiv e evidence of stellar 
'®at m the case of the stars Sinus, Pollux, and Begulus He employed a refracting tedescope 

8 inches aperture to concentrate the heat, and a very sensitive thermo clectnc pile to indicate 
't Pollux indicated the least amount of heat, then S.rius, Hcgulus, and Arctiirus in a slightly 
increasing amount, while Castor showed none at all On January 13th, 1870, a paper on 
Appro Kiinate Determinations of the Heating Powers of Arcturus and a Lynn," by Mr E J 
one. Was read before the Hoyal Society, and it possesses matter of much interest, as the author 
ndeavouthd not only to detect stellar heat, but also to measure its intensity by the most deh- 
to and refined means at the command of physicists The details of the determinations are 
and we will content ourselves with giving Mr Stone’s concluding remarks 
-t rom the whole of these observations, I think we may conclude that Arcturus gives to us 
^^atuderably more heat than a Lyrro , that the amount of heat is dimmishcd very rapidly as the 
aaount of moisture m the air increases , that nearly the whole heat 1 1 intercepted by the shghtest 

, that os first approximations, the beat from Arctunis, at an altitude of 25° at G-reenwich, 
” *^ut equal to tiiat from a 3-iiich cube contaming boiling water, at a distance of 400 yards. 
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The heat from a Lyrse, at an altitude of 6o®, is about equal to that from the eame cube at a 
distance of about 6cx) yards ” 

4. Production of Heat by Mechanical Means Passing now from the extra-terrestnal sourcei 
of heat, we arrive at the causes of its generation on the surface of the earth Whenever uiattir 
m motion is retarded by friction, or by other means, or stopped by collision, the motion is re- 
solved into heat, as described in the account of the detenmnation of the mechanical equii akut 
of heat In physics, the term enrniy (epepyeia, action, operation), is employed to designate t!ie 
power of doing work against, or ovcrcommg the action of, any force Energy exists 111 tuD 
forms, VIZ , as Potential linerqy, or possible eneigy, and as Dynamir Energy, or actual cneffw, ami 
the former is peri>ctually passing into the latter, and this into heat Potential energy is also 
called possible cneigy, or energy of position, or energy of tension , it is energy existing m pi , 
sibility not in act, as in the case of a mass of matter suspended above the earth's surface, or an 
arrow resting on a tense bowstring , the mass can fall under the action of gravity so soon as it 
IS released, and the arrow can fly iipwaids under the action of the tense bowstiing so '.mu 
as It IS released Dynamic energy {Svvaius, power), is also called energy of motion, or kiiiLti. 
energy {Kivyais, motion), and ns t iia, and mechanical energy , it is the actual energy of a body 
in motion, as when a mass falls to the earth, or an arrow is projected from a released briir-,tnng 
Heat which results from mechanical means arises fnim the conversion of possible ciicriry into 
actual energy, and of tins latter — the motion of a mass — into the peculiar motion of mohdilcs 
of matter called hca^ Fiiction, percussion, compression,' and the partial or complete stujipa,'! 
of motion in any form, and by any means whatsoever, afford examples of the p.odnctinn uf linit 
by mechanical means The relationship Ijctwccn dynamic energy and heat is meosiiied lu foot- 
pounds, and establihhcd in the form of the “mechanical equivalent of heat” (winch 
forms the basis of the mechanical theory of heat Enction has been used fiom the very tailiiNt 


times for the production of fire, and is still employed by savages Lucretius mentions that liio 
was first made known to mankind, cither by clouds meeting violently in collision, and dashing 
out sparks of fire like flint and stool, or by the friction of tlic btanebos of trocs dunng lii^li 
winds The flint and steel, and indcod our modem matches, afford examples of the prodiitlinii 
of heat by friction, but the m.iny cxpciinients whicli illustrate this are too well known to nn.1l 
descnption A met al button may be rubbed till it is too hot to touch, a gimlet and saw 110 
sufficiently hot to melt beeswax, or to ignite phosphorus immediately after uso Hevt also 10 
suits fiom fluid friction, os shown in Joule’s (fetcimmatiou of the mechanical equivalent uf la it 
If water bo simply shaken in a bottle (great care laemg taken to surround the bottle with tbaV 
flannel, to prevent aay oommunicatiou of heat from the hand), the temperatiiie may be r.U'i.d 111 
less than a minute from o 7° E to o S'* J'’ , while in the case of mercury, a nse of i 3° to i 5“ 
be produced A locked wheel sometimes has its bearing surface raised to a red he it bv ili 
fnctiou, and when the brake is suddenly ajiphcd to a railway van, a copious tram of sp uk-. 111 iv 
be noticed m the rear of the wheel Percussion also produces heat, if a weight is 1 u--i.il to 
a height above the earth’s surface and then released, it falls and comes into collision with tl 0 
earth, and is then found to bo hotter than before , its possible energy has become actual i iiiriTi 
its actual energy has become heat Again, a nul may be hammered until, in less tlnii t«o 
minutes, it IS brought to a bright rod heat When a jnstol is cocked, potential energy i-* i"" 
ferreJ upon the hammer, and it is comparable to a raised weight , when the trigger is puli' '1 dii. 
potential energy becomes kinetic , when the li vmmer strikes the caji, the kinetic energy hi u >1111 
heat, equal to tliat expended m r using the hammer Compression produces heat, a pu h 
wood compressed m a hydraulic piess is wanner than befoie , and dunng the rollmg of nu * o' 
at the Mint, the bar, after compresnon, is so hot that water boils upon its surface Hy c -f 
a conductor to revolve between the iiolcs of a powerful electro-magnet, Joule piovcd a tiH' 
derablc development of heat thus resulting from the friction of a metal against the maiiiLti'i-'l 
ethereal medium These vaiioJ actions vre so many examples of the production of In it bv 
mechanical means, or, more stnctly, of the convcision of the visible motion of a mass mtu tbc 


motion of invisible molecules of matter called heat 

5 Production of Heat by Chemical Action Combustion is the union of substances, under tin 
mfluence of the attractiv’e force called chemical affinity, attended by the evolution of light aiiu 
heat, as when antimony IB brought into contact -with chlorine, or when carbon combines wit i 

oxygen to form carbonic acid gas Combustion is the means by which we obtain all artihei-i 
heat for the general purposes of life, and the form of combustion jve employ is the union of t 
bon, contained in charcoal, coal, wood, and our various fuels, witri the oxygen gas containiil ui 
the atmosphere By what precise means these chemical actions give nse to the proJuction ' 
heat we do not know, but it is believed that the molecules of two substances about to com 
are in the condition of Ti raised weight and the earth, and when they rush together to comuin-i 
their lunctio energy becoincs heat, as in the case of the weight mentioned aMve. 
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6 i’j odiiction of Heat iy Electricity The heating effects of lightning arc considerable , 
houses are set on fire, metal rods are melted, and sand is vitrefied by its means On a smaller 
scale, metallic wires may be dissipated m vapour by’ the discharge of a powerful battery If 
Tve employ Voltaic electricity, and cause the current to pass along a very thin wire, it experi- 
ences resistance, and the wire may be raised to a white heat, and ulkimately fused We do not 
at present know the cause of the production of heat by electricity , possibly, in the expenment 
last mentioned, the electricity in passing along the thin conduction wire may so agitato ita 
molecules that they collide, and heat results , or, in other words, the electricity may indirectly 
confer kinetic enei^ upon the molecules of the conduction wire, which eneigy is idtiuiately 
resolved into heat 

7 lutia Tenestried Heat The heating power of the sun does not extend to a greater depth 
tlnn 85 feet in our latitudes, while it la greater at the cqiiatoi, and less at the poles At a 
cert.un depth there is a layer of constant temperature, and below this the tomiieraturc increases 
about 1“ E for a descent of 60 or 70 feet , at a depth of about 30 miles, if this increase is regu- 
lar, the heat would be sufficient to fuse the must refractory granites and basalts Wcliave 
pood evidence of an intense source of heat witlim our glohe, in the molten lava which is ejected 
fioiii volcanoes, but no satisfactory hypothesis has been ailduccd to show the cause of tins central 
heat Its effect on the surface of the earth la very msigiiilicant, for it dots not ra^so the tem- 
pti itiire more than -171 th of a degree 

HEAT SPECTEIJM In a beam of sunlight there are not only lumyjous rays, but also in- 
visible heat lays, and the latter are capable of being rcfr'vcted when passed through cev lam 
iiitdia ill piccisely the same manner as the himiiioiis rays which accompany them Iftiice, when 
a beam of light is decomposed by means of a piisin, we obtain not only a light spLctrum, but 
alsi ai invisible heat spectrum The Abbd llochon endeavoured to determine tlic couipaiativo 
lieatuig powers of the various coloured rays of the spectrum, m 1776 , ho employed for tins 
jmriioy a flint glass prism and an air thermometer, and lie estimated the heiting power of the 
ud 1 IIS CO bo about eight times as great as that of the violet lays In 1798, Ecslie, by means 
of I differential air thermometer, found the rolativo heating powers of the blue, green, yellow, 
ai i red ras, to be as I 4 9 16 In 1800, Sir W lleisehcl employed a small mertu- 
nil tlierraomctor for the same purjvose, and aiiivcd at the conclusion that the hottest part of 
till s|iLttnini IS beyond the red rays Professor Muller, of Fieiburg, .afterwards cx.amiiitd the 
-olir sjiectium by more accurate means, and raajvped the hp.at speetiiim, the distiilmtion and 
1 1cusit,'of the heat being represented by means of a curve, as suggested by Sir William 
11(1 ilicl. Professor Tyndall has recently measured and m.appcd thereat sped 111 111 of the 
el( ( fuo light with great accuracy, and it m.vy be well for us to consider the means which ho 
iiiiplijicd 'J’he electric light apparatus was fitted with Foucault’s regulator, and in the oiibco 
of iln, 1 11 tern a lens of rock salt was placed so as to iciidci the rays which issued from the voltaic 
.uc pcifect’iy parallel A lens of rock, salt was cnijiloycd in jdacc of the ordmaiy glass lens, 
because rock salt cuts off a far less amount of lieat than glass The parallel beam passed through 
a nanovv slit, and then through a second rock salt lens , behind this lens there was a jirisin of 
rock salt, by means of which a spectnim was cast upon a screen A very delicate thermo- 
clect’ic pile, having a vertical linear opciung 003 inch wide, was used to measuro the heat at 
V inous points of the spectrum Now if the maximum intensity of heat be called 100, Tyndall 
found the intensity in the blue poition of the visible spe'ctium to bo O, there was .actually no 
sensible lieat, even when tested by so delicate an instrument , on entering the gieen it was 2, 
on LTittriug the red the intensity rose at once to 21, and at the extu me red, that is, the extreme 
liiiut of the visible spectrum, it was 45 The intensity now mcreised rajndly to 100, and then 
jiaeMid rather quickly to 2 It was thus found that the length of the lieat spcrti iiin eonsider- 
abl) e\< lh ds that of the entire visible spectrum from violet to red, and when the intensity was 
mcasiiipd by means of a curve, the Latter was found to commence in the blue, and to aectud 
gradu illy until just beyond the red it “ shoots suddenly upw.ards in a steep and m issive peak — 
.. kind of ‘Matterhorn of heat — which quite dwarfs by its magnitude the portion of the diagram 
representing the visible radiation ” In the case of the heat spectrum obtained fnnn a beam of 
Sunlight this curve is less steep, because the aqueous vapour in the atmosjdicrc absorlis a con- 
Biderpble amount of the obscure heat rays In fact while the invisible lailiation of the sun’s 
hedit ,is it reaches us is only about double that of the visible, the invisible radiation of tho 
felectric light is nearly eigljt times greater than the visible, because tho rays pass through an 
infinitely thinner layer of aqueous vapour than those from the sun The account of the com- 
pcsle separation of the invisible heat rays from the visible light rays of the clcctnc light, will 
undcT the heading Calorescence (See alfoj Obscure Heat, Ewiiant Heat J 
GLi^S Silicates, Silicate of Lead. 

HEAVY SPAK. See Sulphates, Banum 
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^ HELIACAL (^Xiaicds, belonging to the sun.) The ancient astronomers spoke of a star as 
rising hduically, when it rose just so long before the sun as to be visible m the mommg twilight 
A star was said to set hdiacaJly when it sbt just long enough after the sun to be visiblo m the 
evemng twilight (See Acronycal and Cosrmcal) 

HELIOCENTRIC (-^Xios, the sun , K^vrpov, centre ) A term used in astronomy to express 
the position or motions of the members of the solar system svith respect to the sun’s centre The 
Tteltocminc lomjitude of a planet is the angle mcluded between two planes through the sun's 
centre, and at right angles to the plane of the ecliptic, one passing through tho first point of 
Anes, the other through the planet’s centre It is measured from the first plane to the second 
in the order of the signs, and so may have any value between o° and 360“ The lelioccntne 
latitude of a planet is the angle which a hne joming the centres of the sun and planet makes 
with the j)Lauc of the echptic, and is called north or south according as the planet is north or 
south of the echptic 

HELTOSTA'l' (^Xws tho sun, and ararot, stand ) A reflcctmg mirror mounted eqintn 
rially, and driven by clockwork at such a rate that the apparent diurnal motion of the sun is 
neutralised When properly adjusted a beam of sunhght refiected from it may be kept steadily 
in one direction all day 

HEMMING’S JET A safety jet sometimes used for the explosive gases employed for the 
Lime Lvjki It consists of a tube tightly packed with fine wires, through which the nuxtd 
gases have to pass on,their way to the jet The flame will not pass along the fine interstices 
left between the wires, and, therefore, if the pressure is deficient, and the flame blows back it 
will be extinguished before it gets to the reservoir of mixed gases. (See Lime LiyhJt ) 
HERAPATHITE See lodoqvtmne 

HERCULES One of Ptolemy’s northern constellations This constellation includes with- 
in its limits the point towards which the sun is travelling The mognifaccnt star cluster, 1 3 
Messier, belongs to this constellation It is situated between the stars Eta and Zeta 
Other remarkable clusters and ncbul<c are to bo found m this fine constellation 
HERSGHEL A name given by continental astronomers to the planet Uranus 
HERSCHELIAN TELESCOPE A form of reflecting telescope made by Sir William 
Herschcl, It is the simplest of all, having only one speculum Tho rays from the object fall 
on the speculum, which is placed rather sloping in the tube, and, therefore, converges them to 
a focus at the side of the tube, where they are received direct into tho eyepiece The 40 foot 
reflector was of this construction 

UIPPURIC ACIIil One of the normal constituents of unne , it is increased by vegetable 
food, ivnd occurs in comparatively large quantity in the unno of tho horse, hence its name, 
from tx-TTOs, a horse Formula Cgtl^NOj It is easily converted into benzoic acid by oxidation, 
and IS largely used as a source of this acid , it foi-ms colourless transparent pnsms, spannglj 
soluble in cold water, but readily soluble m boilmg water and alcohol, (See AntmeU A utn- 

HOAR-FROST Frozen dew (See Dew ) 

HOMAN (Arabic ) The stai f of the constellation Pegasus 

HOMOGENEOUS LIGHT Light of one degree of refrangibility, consequently of one 
colour The light from incandescent vapours of lithium, sodium, and thallium are homogeneous, 
being respectively red, yellow, and green Such light passmg through a prism is refracted only, 
but not dispersed. 

HOMOLOGOUS SUBSTANCES In organic chemistry, substances are called homolo- 
gous which differ from one another n composition by CH.j or any multiple thereof , thus the 
alcohol senes, the fatty acid senes, and the aromatic senes are composed respectively of homolo- 
gous bodies (See Alcohole ) Fatty acids, aruinatic acids, and homologous bodies generally 
exhibit a regular gradation of physical and chemical properties 

HORIZON, {opl^w, to bound) In astronomy the plane of a great circle of tho sphere 
dividmg the visible from the invisible portion The term is applied to two different circles. 
One IS called the aennble horizon, anil is definable as the circle in which the tangent plane to the 
earth, at the place occupied by the observer, meets the celestial sphere. The other, called the 
rational horizon, is the circle in which a plane through the earth’s centre parallel to tho sensi- 
ble horizon meets the celestial sphere With respect to all the celestial objects, except the 
moon, the two cirdes may be regarded as practically comcident 
HORIZONTAL PARALLAX See Parallax. 

HOROLOGIUM (The Clock ) One of Lacaille’s southern constellations 
HORN SILVER, mmeralogical name for chloride of silver. (See Silver ) 

HORN STONE Sfe Quartz „ 

HOUSE-POWER. The term hoise-power, applied as a measure of the mechanical effect 
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jteam-enEfines and other machines, has no reference to the actual work of the horse, which is of 
of necessity very vanable. When the work of a machine is equal to 33,000 foot po unds per 
minute, it is said to be of one horse-power A machine of 50 horse-power means a machine 
capable of producing in one minute a mechanical effect equal to 50 x 33,000 foot-pounds (See 

Foot Pound ) 

horology (ffl/w, time , and \iiyos, discourse ) The science which treats of methods of 
measuring and marking the hours of the day The term horology was formerly applied to any 
contrivance for measurmg time, as the clepsydra and sun-ihal Horology now embraces the 
pnnciples of the construction of clocks and watches The date of the intioduction of a com- 
bination of wheels and pinions to measure time is uncertain, but it is known that in 1364 a 
German named Henry de Wyck set up a clock, regulated by a balance, for Charles V of France 
Since tins date clocks and watches have superseded all other contrivances for marking the hours 
of tne day All varieties of time pieces include hvo essential parts 

1 A moving power 

2 An mdicator by whose uniform motion time is measured 

3 An accurately divided scale over which the indicator moves. 

4 A certam mechanism by which motion, ongmating with the moving power, is imparted to 

the indicator 

5 A regnlator to render the motion of all the parts uniform 

Tn the common clock the moving power is a weight suspended by corjs over a pulley, which 
it causes to revolve The indicator is the hand, and the scale is the dial plate The mechanism 
IS a ooinbination of toothed v heels and pinions, so arranged as to secure a required lolatiou 
111 tween the times of revolution of the first wheel and the last The regiilatoi of a comnioii 
Jiifk ''onswts of a pendulum and escapement wheel (See Pendulum and Kicapement,) The 
foMULr oscillates regularly m equal times, and allows one tooth of the escapement wheel to pass 
it at each oscillation The escapement is connected with the tram of wheels mov cd by the 
v( ight, ind therefore regulates their motion and renders it uniform Hence the regulating 
f >\v er of the pendulum depends on the following facts — 

t The* time of oscdlation is always the same for the same pendulum 

2 This time may be made shorter or longer by varying the length of the pendulnra, a pen- 
>luhim oseiUaimg m one second being 39 inches long, one oseillatmg four tunes a sc'coud being 
1 .df his length, nine times a second a thud of this length, and so on 

3 'Ike motion of the pendulum can be mode to regulate the revolution of the escapement 
Mhe'l The teeth of the escapement wheel are so ccnstnietcd as to cxei 4 a lateral pressure on. 
the pendulum during one part of its motion, so as to repair the loss of momentum in the pendu- 
lum oiising from fiiction and resistance of the air. 

Tor w tcht's and timepieces m which the space required for the ascent and descent of the 
Miiilht noTild be inconvenient, the moving power is the elastic force of a mamspnng It is a 
nblion of liighly-tempercd steel, bent in the foim of a spiral When the sprmg is coiled round 
its axle or arbor it 1 im a tendency to uncoil itself 'The arbor is free to revolve, and is-there- 
fon s*„t m motion by the spring The* force of the spring is a variable power, and sure means 
IS til) refore requued to render its effect regular and uniform This is aecomplished by a beau- 
tiful conti 11 ance termed the fusee, a conical barrel surrounded by a fluxiblo chain (See Ft'see ) 
'I'he regnlatmg part of a watch is usually the balance-wheel It consists of a fly wheel, having 
a heavy nm and a fine spnng, termed a hatt iwj, attached by one extremity to the axle of 
the nhtcl, and by the Other to a fixed ixnnt The spnng is placed in a curtain si«ral form 
nntiual to it, and to which when disturbed it has a tendency to return When the wheel is 
tlraii n aside, therefore, the spnng causes it to oscillate The oscillations of the spnng, like those 
•if a iiendiibim, are isochronous An escapement wheel renders the bolance-whc-el effective in 
ri 4 ulatiny the motion of the other parts 

In the inaclimery of the watch or clock it is necessary to interpose a series of wheels between 
the inaiQ-spniig and balance-wheel, so that the mam spring by acting through a small space 
nay produce the reqmred number of revolutions of the escapement wheeL Without this 
number the spring would require frequent winding up The same apiihes to the woik of a 
cli)ck 

1 he following works may bo referred to on the subject — Bcid’s Treatise on ClocL and Watch 
^ Derham’s CZoclmaier, DemaoTi’aFudiTnentary Treatise on Clods, Eamshaw's 

^f'lonattons of Tvmdi.eeaers , Betthoud, Essa% sur rUoilogene, and Iltstoire de la M 6 sure du 
Tims 

HOT-AIR ENGINK The fact that air expands considerably when heated has frequently 
*aggcsted Its use ^ a motive power instead of steam, and several very useful engines have been 
*ttnstmcted to wonc by the expansion of heated air. Dr Joule proposed various engines which 
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in theory (that is to say, supposing no loss of force to arise from friction or radiation), would 
leave as much as half the heat of combustion available for work, that is, about live times the 
fraction which has been attamed. in the most perfect steam engine Mr Stirling was the first 
to construct a working hot-air engine One of the simplest forms of air engine consists of 
a receiver into which air is compressed by a pump, and m which it is afterwards heated, and a 
cyhnder commumcatmg with the receiver, the piston of which is worked by the air aftei it has 
been heated The available work is that expended m moving the piston less tliat spent m 
working the pump (See Phil Trans 1852, parti) Mr Ericsson, a Swede, has considcnbly 
improved upon Mr Stirling’s model Enesaon’s calorific engines of sixty horsepower liaio 
been constructed in Amenca The following is a detailed description of one The cylmdcra 
are arranged m pairs, being either two or four in number The upper cyhnder of each pair 
which IS much the smaller, is vertically over the lower, and the pistons of the two cyhmlois are 
connected, so that when the larger is made to ascend it lifts the smaller Hot air has access to 
the lower or iooiking cyhnder below the piston, and cold air to the upper or ) 
cylinder above the piston, the supplies being regulated by means of valves Let us suppose the 
pistons to bo in their highest positions, then the lower cylinder will bo filled with hot an Tht 
valves closing these oyhnders are now opened, the pistons fall in consequence of tlicir wn 
weight, the hot air is driven out of the lower cylinder, and cold air allowed to pass into the 
upper cylinder When hot air is again admitted into the lower cylinder the pistons casceiul, md 
as the valves at the tgp of the upper cyhnder arc now closed, the cold air cannot return, but k 
forced into a receiver From this vessel it passes to the lower cylinder, going through what is 
calleii the ref/encintor m its passage The regenerator is a vessel to which heat is ajiplied uri 
the Bide remote from the receiver and nearest the cyhnder Within it are placed sheets of fuu 
wne net-work like that used for sieves, tho number of sheets being sufficient to form a tliieknei'- 
of about 12 inches In passing through the iiinuuicrable cells formed by these reticulated shceb 
tho air IS heated to a very considcTablc tempciature In this state it passes to the loucr 
cylinder, under which a lire la applied, so that on entering the cylinder the air is still fui thei 
heated until tho small cylinder full of cold air is heated and expanded as exactly to fill the I 
cylinder As the pistons are unequal in area the upwaid iiressurc on the lower or laiger pktiin 
exceeds tho downward pressure on tho npjier or smaller piston, and the difference of the ])r<.s 
Burcs IS the vrorking power of the engine When the hot air has done its work, it is driven ig un 
through Iho meshes of the regenerator, where it leaves much of the heat it received there, luJ 
then passes away from tho machine 

All engines will oHViously hive an advantage over steam-engines where a sufficient supply 
of water c.iiiuot be obtained All attempts to establish them as marine engines have Litlivite 
failed (See lleaUEn'jinc ) 

llOUll- ANGLE The angle between the hour circle of a body and the mciidion of thi 
place of observation 

HOUR CIRCLE In an equatorial telescope the graduated position circle, attached lo tbt 
polai axis, 18 called the hour circle , ifc is graduated to degrees, and also to hours from one h 
twenty four, and is suppbed with two verniers by which seconds can be read Tins enele 1 
eometimea connected with a clock movement, by which the telescope is movod on tlie pokii 
0X18 {See Tekscope , Equatorial, Position Circle ) 

HOUR-CIRCLE In astronomy a circle on the heavens, passing through the position of a 
celestial object, and the poles of the heavens 

HUMIC ACID, or, Ulmic Aad A brownish black substance occurring in vegct.bk 
mould and liquids containing decomposing vegetable substances It may be produced bj 
boding sugar for some tune with a dilute mineral acid, when black or brown sciltv arc 
deposited , these are washed in water and digested with ammonia A black insoluble Bub^.tvnct 
called Ulnun is left behmd, and the solution, on being neutralised with an acid, deposits Imiuic 
acid in brown or black docks The composition of humic acid is Cj4Hi80g , it is soluble 111 puf® 
watei, but insoluble in dilute acids, or some neutral salts 

HUMIDITY {Hnmidus, moist ) A term used by meteorologists iu speaking of the 
amount of moisture present m the air It is used m two senses Absolute humidity refers to 
the actual amount of aqueous vapour present m the air , relative humidity refers to the proper 
tion between the amount of aqueous vapour actually present in the air, and the quantity w hich the 
oir could, at its actual temperature, retain ui the invisible state (See Saturation ) The htter 
usage corresponds with the ordinaiy use of the term humidity or dampness as applied to the 
oir, smee the effect which we orduuinly term dampness depends, not on the actual amount o 
vapour present in the w, but on the circumstance that the air is nearly saturated. 

HUNTER’S SCREW See Differential Screw, Huntet ’a ^ 

HURRICANE. See TF^nifs, Cyclone, , 
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HUYGHENS’ EYE-PIECE See Negatiie Htje Piae. 
jjYAClNTH See Zirconium 

jIYADES ('TdSes, tlie rain ) In astronomy a group of stars near, and mclmbng Alde- 
baran, and connected with the Pleiades by a well marked stieain of stars 
HYALOIU MEMBRANE (uaXor, glass ) A transparent membrane m the convoluted 
folds of which the vitreous humour is contained (Sec Ktjt ) 

IIYIIRA (The Water Serpent ) One of Ptolemy’s soiithem constellations, reinaikable for 
its groat extension It has been proposed that this constellation should be divided into puitions 
of more convenient dimciisions, but hitherto no successful attempt has been made to effect this 
llie constellations Corvus and Ciater were oiigiually icg.uded as subdivisious of Hycba, and 
mined accordingly Corvus ot Hydra, and Civtcr et ll^dia. This inconvenient nomenclature 
his, Iwaster, been abandoned Evtcnding aa Hydra doo fiom the neighbourhood of Cancer 
to that of Ijibra, that is along four signs of the Zodiac, it is clear that any arrangement by 
which its preposterous length should be dmiiuishcd would be a decided improvement 
IIVURATE OF CHLORAL See Chlmal 

HYDRATES Terms applied to oompomids coiit lining water, or its elements in the pro- 
portion to form water, thus Na^O H^O is called bydi ito of sodium SOiHjO is hyalratcd 
iiilphuiic acid. Fe^IfflOfl is hydrated feme oxiclo C‘jll,,0 is common iilcoliol, or hydrate of 
tth\l Hydrated salts are those which contain water of hyiliatum oi ciy'stalhsatioii, thus 
/n_S04 HjO -f- 6 aq is hydrated sulphate of zme , the six molecules of ivatci arc held with 
less tenacity than the other atom • 

HYDRAULIC RAM See Water Pam, 

HYDRAULICS Sec Hi/diu-dyitainua 

liiDRAULIC PRESS, or, Mianuih's Pi ess It follows from the principle of the 
d, lijhution of pressure through liquids (see Ptcssnie Ikiow/li LKiiiuits), that if a vessel be coni- 
ji'ctely tiled with water and have two tubes of equal cliametei fitted into it at any two places, 
>'liiLh tubes are also completely full of water, and btted with pistons, my inward incssnic' ap- 
I'lud to the one piston, will give rise to an equal and outwaicl prcssiiio on the second piston 
, instead of the second tube, tlieic be two cipwl ones, side by side, each of them will be 
lius>ed outward by tho same force Hence, if the piston rods of the two iitighbouiiiig tubes 
l.e connected together, tho two together svill lie pushed outwards with a force equal to twice 
l!u oreo with which tho first IS jmshed in Further, if instead of hiving the two cylinders 
'I h 1 V side, they arc joined together so as to make one cylinder of twice the sectional area, tlio 
i if'( r jiiston will be picsscd outwauls with a force equ il to twice the force applied to press tho 
1 -it ^iiston inwaiils If the first piston liave a sectional area of i squafo inch, and be pressed 
mw.iiils with a force of i pound, the second piston will, if it have a sectional area of 3 sqnaie 
imlics be pri ->sed outwards with a force of 3 jsiiuuls, and so on In shoit, the prcssiiie on tlic 
t 11 jiiiUdi j, iiiipposing them to keep one another m ccpulibiium will be directly piopoition.il to 
tho ouptrficial area of the pistons or sectioii.il aiea of tlic cyhmlcrs If, therefore, one cylinder 
(and jjistcin) be exceedingly narrow in conipanson with the other cylimlci (and pistcm) there 
Will be a corresponding clisprojiortion between the forces which, when .applied to tho rosjiective 
pist niB will keep one another in equilibnuin It follows, of coi rsu, fiom tlio pniicqdo of tho 
conservation of work, or indeed directly from the constancy of the quantity of water that the 
p.ithH moved through by the narrow and wide jiistons are mvciscly jii oportional to their 
Mipcrficial area, that is, inversely proportional to the forces themselves Tho hydraulic press 
(called also from its mventor, Bramah’s I’ress) depends upon the above prmeqde It consists 
I iscntially of an exceedingly strong capacious 11011 cybiidor, through tht. top of which works, 
water tight, a large solid cylindrical piston or “plunger,” winch, wlicn at its lowest, nearly fills 
tile cylinder A narrow tube communicates, on the one hand, tliioiigli the side of the first 
cjlinder, with its cavity on the other, with a very much smaller strong cylinder, also fjrovided 
with a plunger piston The bottom of the small cylinder coinmiiiiicates with a reservoir of 
water or oil In the tube connecting the two cylinders, there is a valve which opens towards 
the latter one In the tube connecting the lesser cylinder with the reservoir of liquid, there is 
a talve which opens towards the lesser cylinder (upwards) The plunger of tho little cylinder 
Worked up and down by a lever or fly-wheel, acting on the plunger by a mechanism of 
I>arallel motion ” When the plunger of the little cylinder is forced clown, the valve in tho 
tube leading to the reservoir is forced shut tho bquid is forced along the comnccting tube into 
the greater cyhnder and lifts its plunger When the little plunger is lifted, the liquid cannot 
rfitum from the larger cylinder, on account of the valve in the connecting tube , but the licjuid 
from the reservoir through the valve into the littlo cylinder, being pushed by the atmos- 
phere to which its surface is exposed. At every dowm stroke, therefor**, there is forced into the 
'Vger cylinder tf quantity of liquid equal to the volume of the lesser plunger which is thrust 
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Into the little cylinder. Since the liquid is practically incompressible, the larger plunger u 
thrust out to ni^e room for this volume of liquid As its sectional area is very large, it need 
only move a little way for this purpose In short, if the sectional area of the larger plunger be 
lOOO times as great as that of the smaller, a force of i lb on the smaller plunger will, neglec 
ting fnction, lift a force of anythmg under loOO lbs in the larger one The hydraulic prSa is 
much used where immense pressure has to be applied through short ranges of distance The 
range is, of course, for one position of the machine, hmited to the length of the larger plunder 
and cyhnder This press is useful for expressing oil from seed , testing steam boilers , startino' 
a ship which is to be launched , compressing cotton for importation When a longer range of 
force 18 required, as in bfting girders of bridges, &c , the weight must, of course, be supported 
after being lifted, until the press itself is raised bodily to a h gher level So great, in some 
instances, is the piessurc which has been obtained in the hydraulic press that the water m the 
larger cylinder has been forced through its sides, — a thickness of more than six inches of 
wrought iron 

HYDRIDES, PRIMARY, OXIDES OF According to Dr Odlmg • — 


Formula 

Oxhydrato, &c 

Derivatives. 

HCl*- 

lilonohane 

Chlorhydnc 



HCIO 

Hypochluroufl 



HClOo 

Chldroiis 



HHO3 

Chloric 



110104 

Perdilorlo 


EtC 104 

IlaS 

Dibame 

Sulphydrlc 

KHS 

EtaS 

It ftO 

CbSO 

EtaSeO 

H s’O, 


CCSOj 

KITSClj 



HoSO^ 

Siillihiuoua 

EtjSOa 

H 4 t )04 

bnlpliurio 

KiSOi 

H-iP 

Trifiasic 

Phosphine 

AgiP 

Et,P 


— 

C’CPO 

KH ,rOa 

EtiPO 

ll.POn 

H yphoaphorous 

— 

H,ro3 

rhos])liorou5 

KillFO.! 

Et^PO'j 

EtHjPOj 

IIJP04 

Phosphoric 

KjPOi 

H4S1 

Titrabanc 

Silic llydrogcu 

Mgs"Si 

Et 431 

UifiiO 

— 


■ 

H iSiO^ 

■ 

- 

■ 

ffiSiOj 


— 

— 

II4S104 

SiliLic acid 

K* 3 IO« 

Et.SiO* 


HYDRIODIC ACID A colourless gas composed of equal volumes of hydrogen and iodine 
xapour Formula HI Specific gravity 4 435 It is rapidly absorbed by water, fonning 'in 
aqueous solution, which fumes strongly in the air, and possesses powerful acid properties On 
exposure to the air it decomposes with absorption of oxygen and separation of free iodine In 
its chemical properties it is somewhat similar to hydrochloric acid 

HYDROBROMIC ACID A gaseous comxHJund of bromino and hydrogen, composed of 
equal volumes of bromme vapour and hydrogen It is a colourless strongly acid gas, hai inj 
a pungent odour Formula HBr Specific gravity, 28 It is greedily absorbed by \iatcr, 
forming a strongly acid solution which fumes in the air. The properties of this acid are very 
similar to those of hydrochloric acid 

HYDROCARBONS Combinations of hydrogen and carbon These form a veiy imports'** 
and numerous class of organic bodies Their number is considerable, and fresh memhew 
being constantly discovered They may be divided into groups, of which the following are tnc 
most important — 

Alcohol radicals, of which Metl^I (CH,,)g, may be taken as the type. 

Hydrides of ^cohol radicals. Marsh Gas, CH^ „ „ 

Olefines, ** Olefiant Gas, CjH^ „ „ 
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Hydrocarbons, of wbich Acetylen C^H^, may be taken as the type 
Camphenes, „ TnriJentm, CuHig „ „ 

Hydrocarbons, „ Bcnrol, CjHg . „ „ 

Hydrocarbons, „ Naphthalm, C,oHg „ „ 

The lower members of the first four of the above groups are gaseous, whilst the highest mem> 
hers of all are solid The great majority of hydrocarbons are, however, gaseous The most 
plentiful source of hydrocarbons is the destructive distillation of wood, coal, and similar 
bodies 

HYDBOCHLORIC ACID. A gaseous compound of chlorine and hydrogen, formed by 
mixing the two gases in equal volumes They do not unite in total darkness, but a lighted 
match or exposure to the sun's rays causes them to explode, whilst diffused daylight or faint 
artifiual light induces tlieir slow union They unite without contraction or expansion Hydro- 
chloric acid IS usually prepared by decomposing chloride of sodium by strong siilphunc acid, 
111 the dry state hydrochloric acid is a colourless, strongly acid gas, having a pungent odour 
Formula HCl Siiecific gravity, i 27 Water dissolves 458 times its volume of the gas, forming 
the ordinary hydrochloric acid of commerce The gas liquifacs at a pressure of 40 atmospheres , 
it 18 not inflammable, and cxtinginslics ordinary burning bodies, although potassium bums in it, 
forming chloride of potassium A strong solution of hydrochloiic and when pure is colourless , 
its specific gravity is I 21, and it fumes copiously m the air , it boils at a bttlo above the 
ordinary temperature, evolving hydrochloric acid gas, and when the temperature nses to about 
100'' C (212° F ) a solution of the acid comes over containing one inolecale of HGl dissolved in 
8 innlecules of water Hydrochloric acid possesses strong solvent powers on many metals, 
liyilro^cn being evolved, and metallic chlorides bemg produced, it reddens htiniis and has 
,in intensely sour taste Mixed with mtric acid it forms nitro hydrochloiic acid or aqua if/m 
Vt the liiverpool meeting of the British Association, held m Scjitcmlier 1870, Mr llinry 
Deacon illustrated a very simple method of decomposing hydroehlono acid, and getting tho 
thlonne from it in an available form He passes a mixture of hydrochloric aeid and air at a 
temperature of about 7O0°-75o° F through tubes containing pieces of bnck soaked in solution 
sulphate of copper and dried The sulphate of copper remains unchanged, and appears 
I ipable of converting an mdefinitely large quantity of hydrochloric acid and atmospheric oxygen 
into chlorine and aqueou* vapour This process succeeds well, as a laboratory experiment, and 
H about to be employed on a manufacturing scale for malving bleaching powder (chloride 
of bino ) 

ll VlJllO-DYNAMICS This branch of physics considers the motion of liquids Tho 
a|'pi eation of liquid motion to machinery, and the application of meclftnical force to procuro 
ri (piired motion m liquids form the subject of JTffdrauhri 
If VI>EO ELEGTIIIC MACHINE See Hkttnc Muthine 


FLUOllIC ACID A compound of Huormu and hydrogen, analogous to hydro- 
chl one, h3drohromic, and hydnodic acids , it has recently been submitted to detailed examina- 
tion by Mr Garfi {Phi Trans 1869, p 173) In the anhydrous state it is a perfectly colourless 
tiansparent liquid, very thin and mobile, specific gravity o 9879, boiling at 67“ F , densely fum- 
ing lu the air at ordinary temperatures, and absorbing water very greedily from the atinosjiliere. 
It does not corrode glass in the slightest degree In physical and chcmieal properties it appears 
to he betnecn hydrochloric acid and water Aqueous hydrofluoric acid attacks glass anil loek 
crjstil with violence They are both highly dangcious substances, and require extreme eaie in 
then manipulation The composition of the anhydrous acid is expressed by the symbols HF. 
It dissolves most of the metals, forming Flvaiidrt 
HYDROGEN. A colourless inodorous gas, the lightest known substance, being 14J times 
lighter than atmospheric air Specific gravity, o 0693 It is very inflammable, burning m tho 
jnr With an almost colourless flame and uniting with the oxygen to form water Its exceeding 
lightness renders it possible to transfer hydrogen from one vessel to another by a process of 
pouring with the vessels held upside down , it may also be collected by displacement m a 
'eased held mouth downwards, and it is occasion^ly used for filbng balloons The atomic 
"eight of hydrogen is i , and its symbol H It is usually prepared by dissolving zinc, 
m dilute sulphuric acid when the metal takes the place of the hydrogen which is evolved It 
IS al'o frequently prepared at lectures by introducing a piece of sodium mto an inverted cylinder 
nlled with nater standing in a pneumatic trough , the sodium removes the oxygen from tho 
"atei, and liberates the hydrogen Hydrogen is never met with free m nature, but it forms 
one ninth part of water, and is a constant constituent of organic bodies A mixture of two 
parts by bulk of hydrogen with one of oxygen forms a violently explosive compoi^id, the two 
nniting on contact with flame, without any residue, to form water If the vessel is not very 
strong, it 18 shattered to pieces, but if of sufficient strength to resist the explosion, no noise is 
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beard A siimlar detonation, but lees violent, is produced when hydrogen is mi iced with two tml a 
balf times its volume of atmospheric air and ignited Combination of the explosive mixture n .Jsq 
effected at the common temperature by cgntact with a plate of platinum or a piece of platinum 
sponge , in the latter case the temperature rapidly rises to the ignitmg point WTien the nuxeil 
gases are forced fiom a fine jtt and ignited, they constitute the oxyhydrogon blow pipe (sop 
Blow-pipe, Oxyhydrogen) which is one of the highest artificial sources of heat Hydrogtn iniitu 
with oxygon in two proportions, fortmng the protoxide, witter (IlgO) and the percixiifc ^11^(1 ) 
The properties of water will bo des. ribcd imder its heading Peroxide of hydrogen is a coiuur 
less transp uent liquil, of specific gravity I 452, less volatile than water, and having a hir&h 
bitter taste , its oxidising pioperties are very great, the second atom of oxygen being hlierated 
reaibly A nsc of temperature decomposes it rapidly, sometimes even with explosive vkiLucl 
When placed on the skin it whitens the cuticle, and when added to vatious metallic solutuiiia 
It quickly raises the metal to the highest state of oxidation Some substances, such as ovule 
of silver, peroxide of manganese, &c , added to peroxide of hydrogen, decompose it, and not unh 
cause tlie extisi atom of oxygen to be evolved but at the same time give up some of their ouu 
oxygen, the peroxide of hydrogen acting in this case os a reducing agent These dccoiii]joM 
tiuns have been examined by Sir Benjamin Brodie (P 7 ni Tram, 1850, p 759), who has l\ 
plained them on the sujiposition that the oxygen in the two bodies is contained in niffi niit 
states of jiolaiity, so that when they meet they umte and are evolved together I’ciovuU of 
hydrogen is obtamed by a difficult jiroccss by the decomposition of peroxide of buiiimwith 
acid Amongst other compounds of hydrogen may be mentioned antimomurctted hydinijiii, 
amemwetted kydroyen, sutjihuretted hifilror/ea, p/wsphuretted ki/dwifcn, Beleniimiied 
tfUuiettcd hydioffen, hydroUdoni acul, hydrobi omic a< id, liydiwdicacid, hydrojluoi ic arid, Iic-'kIls 
organic compounds, which wiU be described under their respective headings 

HYDROtjENIUM From his researches on the occlusion of hydiogen by jialladnun, 
Professor Graham was led to infer the evistcnce of an alloy of palladium, and hyclrogi iv g is 
condensed to a solid form to which he gave the name of hydiogunium By an iiiguiioiii 
process of reasoning from thopropoities of this allay of palladium and hydrogcmuin, tin follow 
iiig description of the Litter is deduced Its density is o 711 , it is solid, metallic, ind of a 


white aspect, it has a certain amount of tenacity, and possesses the ^cctrical conducti\it\ of a 
metal , finall>, it takes its place among magnetic metals In its alloy with pallidium it (leu >111 
poses chloriJ*! of mercury, unites with chloniic and iodine m the dark, reduces a jieisalt of 11 ui 
to the state of proto-salt, and has considerable deoxidising powers not possessed by hydrogi 11 m 
its ordniaiy condition (Soo J*ioc Jl S , 1S6S, p 422, 1SO9, pp 220,500) 

HYDROGKN LIBTES, BROADENING OF (See also Hydrogen, SpeUium of) PhitVcr 
has shown that, when the intensity of the induced curiciit is inci eased, the green and blue IniC' 
seen in the hydiogen spectrum begin to broaden Lockyer has discovered that clove to tin 
sun’s surface the rod hydiogen line is frequently seen broaclcncd, tapering off to its usu.il niiHli 
in the upper regions of the chromosphere He has found tins to be due to increased jue-'iire 
of gas, and his observations point to the possibility of ascci taming both the tempeiatnn aid 
pressure of the solar atmosphere at different heights above its surface (See IVEi Loikyvi v 
Paper, Plid Trans , 1869, p 425 ) 

HYDROGEN, SPECTRUM OF This may be obtained either by examining the liglit 
from a hydrogen vacuum tube (see Getsder's Tain*) or from the termmals of a liahmloili I'nl 
striking in hydrogen gas, in the spectroscope It consists of three bnght lines — a red coimidLiit 
With Fraunhofer’s C, a green line coincident with Fraunhofer’s F, and a blue line coiui. idi nt 
with Fraunhofer’s G Spectrum analysis has shown the presence of these luminous lines m tb 
spectrum of the red protuberances seen durmg an eclipse, and Mr Lockyer and Profev'i't 
Janssen have also detected them in the spectra of the piotuberances and chromosphere, sliowin^i 
the presence of hvdrogen 
HYDROSTATIC ARCH See ^rcA 

HYDROSTA'riCS Hydrostatics is the science of the eqiiihbrium of hquids, and of othir 
bodies (especially sohds) in the miimtenance of whose equilibrium liquids ore concerned 

HYDROSTATIC BELLOWS This toy exemplifies the law of the distribution of pr®® 
sure through liqmds, and also the hydraulic press (See Pressure through Liquids, and Jlydramie 
Press ) Two circular disks of wood are joined 1 ^ a folding leather, in such a manner cis ^ 
form a sort of cyhndncal bellows A tall narrow tube, fixed in an upright position, comiuuui 
cates with the intenor through the lower disk On pounng water into the narrow tube, it ull" 
heaves the upper disk which may be heavily loaded If wo compare this arrangement w 
that described under Pressure throuah Liauids. the nressure on the little piston is hero replacin 


that descr^ied under Pressure through laquids, the pressure on the httle piston ^ 

by the weight of the water itself m the long tube Precisely the same ratio exists betvi etn ^ 
sectional areas or surfacel'of the narrow and wide tube as exists between the^weight on cac 
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XoTv tbe weight acting down the narrow tube is the weight of the water therein, which is picn 
portional to the height of this column 

^ HYDKUS (The Water-Snake ) One of Bayer’s eonthem constellations It forms the pro- 
loucration of the stream of stars constituting the windings of the constellation Eridanus Half 
of tiic greater Magellamc Cloud falls within this constellation. 

HYGROMETEB (iiypo^t moist, and /Urpoi/, measure ) An instrument for determining 
the amount of moisture m the air is called a hygrometer There are two chief classes of hygro- 
meters, thjse depending on absorption, and those depending on condensation 

Siihstaur-es which absorb and part with moisture readily ore subject to corresponding changes 
of form, not obvious to the eye, but appreciable m other ways Owing to such changes of form 
these substances may be used to mdicato the amount of moistiire^u ihe air In Saussure's hair- 
bjgrometer, the shortening of hair when moistened is made the means of measunng the mois- 
tiiie I'f the air In Adie’s eomenatory liyyt ometer, two pieces of wood, of different hygrometric 
qualities, are glued together When the air is moist, one of these becomes longer than the 
otlicr , when the air is dry, the former piece becomes the shorter Thus the compound piece 
curies one way when the air is dry, the opposite way when the air is moist 

But hygrometers constructed on the prmciplc of absorption, though useful for the sick room, 
Lot house, ic , are of httle scicntihc value 

111 hygrometers, constructed on the principle of condensation, the object is to determine the 
diUf point (q V ), or the temperature at which the amount of moisture actually present in the air 
Mould suffice for saturation In Daniell's and Kegnanlt’s hygrometers (the same in principle) 
tins 18 done by direct experiment DamicU's consists of a glass tube bent at right angles at two 
jiiiuits, the middle branch horizontal and uppermost, the two end branches vertical and unequal, 
Mitli a bulb at the extremity of each The bulb at the end of tho longer biancli is paitly filled 
with etiicr, in which iS placed the bulb of a delicate thermometer The otliei bulb is covered 
with Kii'shn When an observation is to be made, tho muslin is wetted with .1 few drops of 
clher, cv iporation follows, and the vapour of ether within the bulb condenses Tho picssurc 
OIL ttio ether being thus dunimshed, it evaporates freely, and its temperaturo is thus reduced, 
II. lung at length the dew-point, when a ring of dew begins to be formed outside the bulb Tho 
11. uhiig of the thermometer within the tube shows at this moment the dew-])oiut In llcgiianlt’s 
hvgromctrr, air is drawn through a glass tube containing ether, and placed within a very thin, 
tloniL’c shajied silver envelope Tho other is thus causcil to evaporate, and the dei>osition of 
ill w on the polished silver surface is easily rccogmscd A thermometer immersed in the ether 
iL Liu 11 noted, as in the case of Daniell's hygrometer ^ 

V h ygronieter in more general use, as cheaper, than either Daniell’s hygrometer, or Ilcgnault’s 
nnjiroved form, is the di y and wet hulb tJiei mometcr, or psyr/irojneter In this instrument two 
pcrfcctlv' similar thermometers are placed side by side Tbe bulb of ono is covered with a 
jiiLi e 01 thin n uslin, to which a few threads of darning cotton lead moisture by capillary attrac- 
tion from a small vessel close by When the air is diy the moisture evaporates quickly from 
the muslin, the temperature is much reduced, and the wet bulb thermometer falls considerably 
below the other When tho air is moist, cvaiwratioii proceeds slowly, and tho diircrcnce between 
the two thermometers is thus diminished Knowing the tempcrntuie of the oir and the tem- 
perature of evaporation, wo can deduce the dewpmnt, the cla»tic force of vapour, and tho rda- 
tne humidity The formula of reduction, and tables for assisting tho pirocess, are given in trea- 
tises on meteorology 

IlYPONITROUS ACID See Nitrogen 

HYPOSULPHITE OF SODIUM A salt of hyposulphurous acid (see Sulphur) of con- 
siderable importance m the arts and manufactures Formula, r^a^SjOii 5 H/) It forms large 
ciystala of specific gravity i 67, which dissolve easily in water, but the solution gradually decom- 
jiuses with absorption of oxygen Acids decompose it with separation of sulphurous acid and 
buljthur, and chlorme baa a similar action, converting it into sulphate of soda Owing to this 
property, it is extensively used by paper-m^crs and bleachers under the name of antichloro. 
iliis salt IS also largely used in photography, owing to its property of dissolvmg chloride, 
l^romide, and iodide of ^ver. 
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ICE CALORIMETER. See CdtorimOry. . . , , r *• 

ICELAND SPAR , or, Cedespar. A form of carbonate of lime which la ^ beautt- 

f^y crystalhaed masaea It poaBessea in a very high degree the property of doubto refraction. 
K^^ CryztaU, D/mhle Eefraclwn of , Potaruation of Light , PolameUion hy DouJjle mractum } 
^wNlS FA^fUUS. (Foolish fire.) A luminous appearance seen over marshy places, stagnaur, 
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water, and sometimes m churchyards Its nature has never been explamed Some have attri- 
buted It to an issue of marsh gas (light carburetted hydrogen), which has been accidentaUv 
ignited It seems more reasonable to conclude that it is due to some form of phosphorescence ^ 

IGNITION [Igms, fire , igncsco, to become fire ) The state of becoming luminous by the 
application of heat When this effect is attended with oxidation, the term combustton is em 
ployed. The term spontaneous is usually prefixed when the ignition is a consequence of alow 
and gradual accumulation of heat from oxidation Thus a mixture of oxygen and hydrogen 
gases IB said to cause the spontaneous ignition of spongy platinum, which then causes the cum- 
bustion of the mixture Cotton waste soaked in oil is frequently subject to spontaneous 
ignition 

ILLUMINATING LEN^ A large convex lens, as it concentrates the light of the sun or 
a lamp at the focus, is sometimes called an illuminating lens (Sec Lens, liwrmn'j Lens, oi 
Convex Lena ) 


ILLUMINATING POWER OF GAS FLAMES Professor B BiUiman (Am Jour nf 
Science, Feb 1870) has examined, in a lengthy senes of expenments, the relation between the 
intensity of light produced from the combustion of coal gas and the volume of gas consumed 
His expenments prove, infer alia, the theorem, that the illuminating power of gas flames m 
creases within the ordinary limits of consumption as the square of the volume of the gas con- 
sumed The point of chief interest for the consumer of gas to be deduced from the data hero 


presented is, that where it is important to obtain a maximum of economical effect from the con 
sumption of a given volume of illumiuatmg gas, this result is best obtained by the use of bumrs 
of ample flow 


IMAGES, ELECTRIC A term applied by Sir William Thomson in connection with tho 
mathematical theory of electno distnbution to certain imaginary electrical points or group of 
points He shows that the effect by induction of nn electrified body upon an insulated comlnot 
ing sphere, is represented by the “image of the body in the sphere ,” and that when an dec 
trifled body is brought near to a pair of insulated conducting spheres, the effect of it upon them, 
and of them upon each other, is represented by tho senes of “ successive images ” formed liy it 
in them For information on this subject see tho original papers of Thomson, Cambiidge mill 
Dublin Mat Jour , 1849 , liiouvillo’s Journal de Mathetnatigues, 1845 ; and Thomson onilTait’s 
Natutal Philosophy, vol 1 , 512 518 


IMAGES, ELECTROGRAPHIO A name given to certain, figures discovered by Tlicss 
They are produced on a plate of glass by putting it between two pomts connected with tliepnks 
of a battery The gWs is obstivod to become disintegrated in Imes which proceed from tho 
points The same is round to be the case with regard to mica and some other substances 
IMAGES FORMED BY MIRUOKS See Mirrors, Images, Virtucd, Real 
IMA(}ES, VIRTUAL, REAL (Imago, ivnimage, iromimitor, to imitate ) A virtual imago 
is one which is not formed by the actual union of rays in a focus, and cannot be rcccii cd upon 
a screen , a real or positive image is ono formed in the focus of a mirror or lens, and can he ic 
ceiled on a screen An image seen m a looking glass or in a convex mirror is a viitiial rnago, 
wlulst the image formed m the focus of a concave mirror or a convex lens is a real image, 


Mvrrms, Lena, Focus,) 

IMMERSION (From immergo, to plunge under) Tho disappearance of any celestivl 
body, whether in eclipse or oecultation The term is commonly hmited to the occulUtions of 
Jupiter’s satellites, and of stars by the moon 

IMPACT (Impactua, part of twipingo, to strike against) In mechanics, the shock of two 
bodies that come together, one or both of which are in motion, or the simple action of one hotly 
upon another, by which the motion of the latter is produced or altered It is a ninttei of 
servation that when one body impinges directly on another, the velocity of the first is dimini jhul, 
and that of tho latter increased, by tho imjiact , the first will have lost momentum, and tho 
second will have gamed momentum Now momenta lost and gamed are what are termed 
in Newton’s Third Law (see Lana of Motion) action and reaction, and these he ascertained hy 
numerous experiments to be equal Hence the momentum lost dunng impact by one body is 
equal to that gained by tho other. The nature of the action during impact may be thus dfr 
senbed When the first body A overtakes the second B, both will be compressed so long as A 
moves faster than B, and the compression will cease when the velocities are rendered equal , i| 
the action stops here tho bodies axe said to be inelastic In this ease the velocity after impact 
will be found by dividing the sum of the momenta before impact by the sum of the masses ot 
the bodies Generally, however, another force comes into play when the velocities are equal, 
and the bodies begin at that instant to recover their figure, and to exert one upon the other a 
pressure which lasts until ^ppact ceases Thus A not only loses momentum duimg compr^w^ 
but also during expaaaion. Now it is found by experiment that the momentuni lost by A an 
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nuned by B dnrmg compresBion bears to the momentum lost by A and gamed by B dunng ex- 
ronsion a ratio, which is constant for the same materials This ratio is termed the modulus of 
^asticity A body is inelastic when the modulus is a, it is perfectly elastic when the modulus 
IS I and imperfectly elastic when the modulus lies between o and i (See ElaMicity} 
IMPENETRABILITY {ImpenetrahihtaSf from ui, not, and penetrabdis, penetrable ) A 
property of matter by which only one body can at any instant occupy a certain space It is 
one of the essential properties of matter, and it needs no demonstration, as it is inconceivable 
that two different bodies should simultaneously occupy the same space Cases of apparent 
penetration are due to compression or to displacement, produced m each instance under weU- 
dthnedlaws (See Compreatibditij^ Density, Sjpeajic tiiaiity) 

IMPERIAL GREEN SeeAcetatea, Aceto-ArsenUe of Copper. 

IMPETUS (Impetus, from in, and peto, to urge, to nish ) A term synonymous with 
momentum, the force of a moving body The term has a special application m gunnery, mean- 
ing the altitude through which a heavy body must fall to acquire a velocity equal to that with 
uhich the ball is discharged (See Momentum ) 

IMPONDERABLE (In, and, ptandua, weight, from pendo, I weigh ) Not having sensible 
weight In the early theories of ]>hysical science, light, beat, electricity, and magnetism were 
regarded as substances, and as they are without perceptible weight they were termed the 
imponderables 

IMPULSE (Imptdaua, driven, from impello, to drive ) The single or momentary force 
mth which a body is impelled by another body striking it The strictly mathematical definition 
of an impulse is the limit of a force which is infinitely great, but acts only during an infinitely 
short time Thera are, of course, no forces m nature exactly fulhlling the conditions of this 
dchuition, but there are forces which are very great and act only duimg a very short time, os, 
for ('xaaiple, the blow of a hammer Such forces are tieatcd os impulses, they are measured by 
the whole momentum generated by the impulse 
INCIDENCE, ANGLE OE (In, upon, and eado, to fall ) The angle of incidence is the 
angle which a ray of bght falhng on a surface, forms with the perjicndicular to that surface, or to 
It r, ugent if curved. The angle of incidence and the angle of rcfiection axe always equal. (See 
Etfiction ) 

INCLINATION COMPASS See Dtpptnff Needle 

INCLINATION, MAGNETIC Another name for Magnetic Dip (See Dip ) 
INCLINATION OF AN ORBIT The angle at which the piano of an orbit is inclined to 
the ecliptic , ^ 

1 NCLINED PLANE One of the simple machines It consists of a plane surface inclined 
to the horizon at an angle less than 90° When a body is placed on a plane the resistance of 
the pLine is exerted at right angles to the plane Consequently this resistance alone cannot 
sujiport too w« ight unless the plane be honzoutol A body at rest on an inchned plane must 
be acted on by at least three forces, the w eight, the pressure of the plane, and a third force. 
If the plane be rough this third forco may be the friction between the surfaces , if the plane be 
smooth it must be an external force lu this case the foice in the direction of the plane which 
wdl support the body is found by multqilying the weight by the rise of the plane ui a given 
length and dividmg by the length For example, if the nse be 3 fnet in lOO feet the weight 
n ill be supported by a power equal to of the weight This quantity may bo termed the 
pressure exerted down the plane by the weight In order that the body may move up the 
plane the power must exceed the pressure down tho plans If the plane be rough the power 
must exce^ tho sum of this pressure aud the force of fnotion 
INCLINOMETER Another name for the Dtjjpinrf Needle, which see. 
index op REFRACTION See Refraction, Index of 
INDIA RUBBER See Caoutchouc 

indigo (ivSiKOi', deep blue ) An organic colouring matter, obtained from the leaves of 
T^ous species of mdig^fera , its lustre is dark coppery red, scnii-metalhc when in moss, and deep 
blue in powder. It sublimes at about 290° C (554° F ) in dark purple vapours, condensing in 
*ix Sided prisms When in contact with a solution of alkali and a reducing agont it is converted 
mto indigo white, which dissolves in the alkab White cloth dipped into this solution and then 
exposed to the air becomes dyed with mdigo blue by absorjition of atmospheric oxygen and 
acid The formula of mdigo blue is CgHjNO, and that of indigo white CjglLjNjOj 
INDICES OP REPRACTION OF OPAQUE BODIES See Opaque Dodm, Indma of 
■‘fraction of, 

indium. A rare metallic element discovered by Reich and Richter by means of spectrum 
in some zinc ores Its spectnim exhibits two mdigo coloured lines in tho more 
'^i^’uigible part ^ the spectrum. It is a very soft lead coloured metal, easily beaten out mto 
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leaves, and tolerably permanent in the air , it much resembles lead in its physical properties 
The compounds of indium impart a violet tint to flame 

INDUCED CURRENT See CiiiTcnt, Induced 

INDUCTION COIL , or, RuhmKorff's Cod, as it is very generally called, is an apparatus 
for produemg currents by induction, (ace Induction, Electro-Dynamic , Current, Indvnd) and 
utilising them It consists essentially of two coilawounil on to a hollow cylinder, within which 
is a core, as it is called, formed of a bar of soft iron or a bundle of soft iron wires One of the 
coils, called the Pi imary Coil, is connected with the battery by means of an arrangement for 
making and breaking connection with it, so as to produce temporary currents , the other, the 
Secondaiy Coil, is wound round the first, and in it is generated a current by induction eiery 
time the current begins or stops in the primary coil (See Current, Induced ) Tlie cum nts 
pirocluced by mduction possess high power of overcoming resistance as well as great ipiautity, 
and hence very intense effects, ihemioal, and physiological, and luminous, are obtiiii ilflo fioni 
them The details of the construction of Euhmkorff’s cotl are as follows — I’lic pumnnjn 
indviinr/ wire is thick, and only a few yards long, m order that the current may not Ik 
much weakened by resistance It is coiled on a cylinder made of cardboard, and besides, litiii >■ 
covered as usual with silk for insulation, is insulated by being enclosed in a glass cyliiuhi, or 
covered with a coating of shell-lac oi guttapercha The sctoiwiury coil is wound round tlic 
primary coil It is made of the very finest ivire, and is frequently many miles long It is n ly 
carefully insulated at all parts, being covered with silk, and cachlayei of wire, to insulate it finm 
those within and withdht it, is served with a coating of melted shell lac or gutta-percha '1 Ins 
perfect insulation is a matter of the greatest importance Within the cylinder of cardhoaiil is 
placed the core, a bundle of soft iron wires having the ends projecting slightly beyond the extrt niity 
of the cylinder The cm ) rvt li c(d la connected with one of these extremities , it consists of a 
email soft iron hammer which is gencr illy kept pressed down upon the am il, a second piece of ^oft 
iron, by means of a spring , when in this position the current, which is to flow from the batti i v 
into the primary coil, jiasses along the hammer, down through the anvil, and bo proceeda on its 
course , but the nionieiit it enters the primary coil, it magnetises the bundle of soft non 
and the extremity of these, which pi ejects beyond the cardboard cylinder, thereupon attnets 
the hammer, laisos it from the anvil, and thus stops the current The current bung Btippul, 
the iron core at once loses its magnetism, and the hammer falls under the influence of the 
Bpimg, reopens the way for tlio curicnt from the batteiy, and so the action goes on , the 
hammer oscillating with great rapidity wdnlc the coil is at work Bach time the battny mu 
nection is made oi bnjUcii, a powerful current is obtained in the secondary wire, whicli uiim 
fests itself in spaiks or some other form of dischaige between the extremities ef it Tlu'>i, "u 
coming out of the coil, are brought to binding screws, insulated on glass pillars, and thciicc, by 


proper conueclions, to any reipiired place 

A commutato) oi lattei y Ley is attached to the apparatus, so tliat the current from tlic 
battorj^ may be sent into the primary coil in cither direction, or cut off altogether 

M Ei/caii veiy much increased the power of the mduction coil by adding to it a eovthiii'i 
This consists of two very large siufaccs of tinfoil, insulated from each othei by oiled silk, ami 
the tinfoil and oileil silk rolled up for convenience of form One of the tinfoils is att.ul'<d tn 
the wire fiom the battery before it enters the primary coil, the other after it emeigcs from it 
The object of it is to condense the extia nment, which occurs on breaking the battery cuiinii 
tion, and diminishes the suddenness with which the cunent m the primary coil ccavcs , tlw 
induced cull cut is thus made shorter, and mure intense 

The effects of the induction coil are very remaikable Using a battery of three or fo ir 
Runsen’s elements, it is necessary to be very careful not to allow the diachoige to pass tbioii.Ji 
the body. Small animals maybe easily killed witli two cells, and a larger number wouliHic 
dangerous to a man nie spark, when taken between two points, may readily be made to 
through a glass plate, a quarter of .an inch thick or more Large Leyden jars or b.ittciiLS may 
be charged ahnost instantaneously It is easy also to melt fine wires by conncctmi: the 
extremities of the secondary wnre by means of them, and great heat and light m.ay be obtaiimd 
by poBsmg sparks between two charcoal points at a small distance from each other 

The largest coil that h is ever been constructed was made for the Royal Polytechnic Institu- 
tion, under the direction of Mr J H Pepjier The primaiy wire is 3770 yards long, an 
makes 6ooo revolutions round the soft iron core, being arranged in 3, 6, and 12 strands U'® 
total resistance of it is 2 2 B A umts The secondary wire is 150 miles long, is rovered un 
Bilk throughout, and has a resistance of 33,560, BA umts An account of experiments w i 
it by Mr J. H Pepper will be found in the Pioceedinya of the Royal Society for 
1869 *- , M 

INDUCTION, ELECTRO-DYNAMIC , or, Current Induction. The acfaon according w 
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hicli the production or stoppage of an elcctnc current in a ivire produces a inumeutary current 
or elettiie pulsation in a second wire adjacent to the first (See Oiiricnt, Inilmed ) 

IX DUCTION, ELECTROSTATIC A term employed to designate a mode of action of 
electriaty on which a vast number of, indeed, we may say all, electrostatic plu nomc u.i most 
cloiely depend It is, in fact, only on account of induction that we can obscrio oh ctiicity at 
all, every inamfestation, whether of attraction and repuUiou, of ehaige and diMhaigi, ov 
uli,'»te\er it may be, is preceded by and dejicndcnt on eleetnc inilnction 'Fbe subject is, tline- 
f()ie, of the highest importance, and we refer our readers for fuller details than oiii limits iii this 
■noik permit, to tho papers of Faraday in his Evpenmental Ivesearches, 1837, ct xtq 

'J’lie clectiic force is essentially poZai Whatever be the explanation of its cxistenci', ivlipthcr 
it depends upon two fluids 01 one fluid, or whether it be only an affection of matter, ue- know of 
taodi''tmet modes of the force, and hence come our ordinary ronicntwnal plirases, “{msitive 
eloitneity ” and “negative electricity ” Now, in no case is the one' kind of force found without 
the other If, under any circumstances, the positive force be exhibited, an cquiv dent negative 
foiie IS CivUcd into action 

To show the inductive action, let an insulated and positively charged conductor bo bioiight 
into the vicinity of another conductor, likewise msnlvted but uuehargid If the latter be Inr- 
iii'-heJ with pith-ball niditators at eieh enil they will be sun to diveieo niniu ,aiid mote is the 
iliugeil body .vpproaches , and on eximmmgtbe ends it will be found that tin sidt of it lie nest 
til the ehai gi d body is negatively, and the remote side jMjsitively cleetilhed , if the ib 11 g( d ( 011- 
ihutoi be cither removed or disch irged tho distnrbant c cc isos, .and tbc^origm.d ii< uti.il eomli- 
tiou tif tlio other is restored 'I'hus it ap[iears tint an uncharged condiutoi, uiidi i tin iiiHiitiuo 
lit ill eleetiified body, assumes an excited stitc, one side of it bung eleetiihed snmhnly, the 
ethi i nniositely, to the charged body 'Tins piopagation of eleetnc force across a luiii couduet- 
111, in hum IS called tudwtnm 

lilt i number of unchaiged insulated conductors lie placed m a row, and let a eb uged bodji-, 
\ilinli, fi'r d Imiteness, we shall suppose to be positively electrified, bo brought lit u to one cud 
iiilMerow Then the first becomes cxcite'd in the in inner .ilroady desci died, tin snlouevi to 
i' iiiHuinciiig body being negative, the opposite side jwsitive The positive olcetiii il v it tho 
I ml of the mst of the row acts by induction on tho next, and makes the near end ntgativc, tl 0 
ii iiioU cikI positive The action la propagated still further, and, finally, the last of the row is 
III! t tl d, tho side nearest the last but one is cle'ctiified negatively, the leniote aide jmsitively 
Niii ( DCS the action stop boro, for tho positive electricity, thus developed at tlii' icinote mil of 
tl'i row, acts inductively towards all the suiroundmg objects — it raiy bj the floor, walls, ami 
I Mu, of vn cuelohing chamber, or it maybe the surfaioof the eaitb, the tici , the clouds, 
pi ill ijis even towards the lemotest stars, where no conductors iiitorveno Faiad ly, the great 
uivi 'li^ator upon this subject aiul the jiropninder of the modem theory of induction, by a long 
'•Ills I'* ^ipei ments, detailed in his Expeniiieiital RescareliLS (Royal Kotiety 'J'raiis 1837-8), 
• "1111 s to the conclusion that matter can in no caso receive .111 iiideprndent eb iigi tf fou i of 
one liuid he develiped, an equivalent amount of the other kind of foicc is at the same time 
put m iction 


tiD uokIi for the generality of the action Tlic law of indiictivo .iction on a coiuluctor is this, 
th it tlie side nearest to tho influencing body is oleetnhed ojipositely to it , tlie sidi remote from 
It Is siiiiiLirly electrified Hence it follows that if a eoiuluetoi, vvhilo under tho luflueiici' of the 
ihuged liody, be touched, or jiut in coiinictioii with thi giounil, the opposite kind of electricity 
til til it of tin charged body will flow to the earth, for the eaitli .vud the touclw d body aic, for 
the tuiic, made one and the same body , and, if now tho connection bo again bioki n, tlic body 
whii b was formerly uncharged is found to possess a permanent charge of the kind of electricity 
oiipiisite to the infiuenemg body 

I he cleitiacity thus developed is further capable of re acting inductively ujion tho charge in 
the hr-'t boily, drawing towards itself the electncity on it, anil, iis it is c illt d, m ikiiig it latent 
or Jiis/ undated This is the pnncijilc of the action of the licydcii jai and coiideiisei (7 v ) 

I'hr cleitncity mduced by an electrified body on Burrouiiding conductois is e<pial in amount 
to that on the inducing body To show this, Faraday perfonned tho following exjieiimuit — 
ill took an ice pail, insulated it, and coniieetod it to a gold leaf clectroscoiie , and, leaving 
•haigi.l an insulated ball, he lowered it into the ice pail As the ball was low'crc'd, electncity 

* IS ‘Ikivi n to the outside, according to the pnneiiiles wo have laid down, md the nee, of course, 
t ' the gold leaves which diverged The divergence incrc.ised as the b ill went lower for some 
tim< 111 fact, till the ball had become practically covered by the ice pad, when it ceaseil to do 
*■" I iiially, the ball was lowered till it toiiehod the bottom, a'ul it was found that the diver- 

of the leaves did not in the shglitest degree increase on contact taking place. The ball, 

* ben drawn up vfithout touching the sides, proved to be completely discharged 
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To Faraday our present theory of induction la due It was formerly considered that the m 
ductive action is altogether independent of the medium across which it takes place induction 
was said to be the action of electricity at a distance , and the office of the insulator betneen 
the two conductors «ras held to be simply that of acting as a bamer across which the opposite 
electricities could not pass to neutralise each other Hence induction was always sjioken of as 
acting in straight lines, an assumption which Faraday proved experimentally to false Fara- 
day put forward the theory, and since the puhhcation of his /Experimental Researchea it has come 
to be generally held, that mdiictiou takes place by mean» of the intermediate particles of the 
insulating medium or dideUxic, as he calls it The particles of the dielectric act just as the row 
of insulated cylinders which we supposed above The near side of each becomes charged op- 
positely to the inducing body, the remote side similarly , and thus the excitement is propagated 
fiom particle to particle to any distance whatsoever Now, the medium being so intimately 
concerned in this action, we might expect to find differences with respect to it in different media 
BO Faraday argued, and from this consideration arose his great discovery of specific tnduilirc 
capacity For in some media the j^iilansatiou takes place with greater completeness than m 
others , and thus the electric force displays itself with greater intensity across some media than 
across others We have given an account of Faraday’s experiments on this subject, and of hia 
results under Capacity, Specific JnAiictive Again, the polansed condition is to he considered 
as a forced state, and here again ye meet with great differences For in some media the 
arrangement is such as to allow thei molecules to sustain this forced or strained condition , while 
in others polarisation rd&dily takes! place, but the molecules very readily discharge into each 
other This constitutes the difference between iiisidatora and conductoi s Conduction Farailay 
considers to be the dischargmg of Cvintiguous particles one into another, brought on by previous 
Jiductive influence 

For further dctaiT^aud for arguments in support of this theory we can only refer once more 
to Faraday's original papers 

INDUpTIUN, MAGNETIC If a mass of soft iron be brought near to a magnet it ho- 
comes atsw temporarily possessed of all the properties of a magnet For instance, let a small 
rounder of soft iron be suspended by attraction from one end of a magnet it will be found tliat 
a second cylinder when put in contact with the first can suspend itself from it, and a third and 
fourth perhaps in the same way The cylinders have thus for the time being, a power of 
attracting similar to that of the anginal magnet The attractive power may even be develojMid 
m a mass of soft iron without actual contact Thus, if a bar of soft iron be placed with one 
end just above a plate ^n which a few non filings arc strewed, on bringing a powerful magnet 
near to the other end of the bar the filings will rise up and stick to tho bar In cither of thcio 
cases, when the magnet is withdrawn, the soft iron immediately returns to its natural condition 
and retains no trace of magnetism This action, by which a magnet develops magnetism in 
the soft iron, is termed Maifnetic Induction 

INDUCTIVE CAPACITY See Capcuntij, Specific Inductive 

INDUCTIVE EMBARRASSMENT A term applied to the phenomenon of rctanlatinn 
caused by lateral mduction in the transmission of tcle'graphic signals It is explained under 
Electncitif, Vilocity of, that an impulse, though momentary at starting, is prolonged out into a 
gradually rising and fallmg wave at the extrcimty of a long line This prevents rapid trana 
mission of messages through a great length of cable, for time must be given for the first signal 
to ooze out of the wire before a second is sent , hence, where it is practicable, lines are not made 
much more than 500 miles or so long It is found preferable to re-send tho messages 

Sir William Thomson showed that tho retardation is directly proportional to the square of the 
length of the line, and inversely proportional to the area of cross section of the conductor, for a 
givhn proportion between tho wire and insulator , and calculated that the maximum Bjieed at 
tamable on a land hne 2000 miles long, of iron wire a quarter of an inch in diameter, would bo 
twenty words per minute His papera are published in the Transactions of the Royal Society, 
185s, 1856 , Philosophical Magazme, 1855 , British Association Report, 1855 , and in a letter 
to the Athenaeum, Nov i, 1856 

INDUCTOMETEE {plrpov, a measure ) An instrument used by Faraday for comparing 
the specific inductive caj>acitie3 of vanoos substances It consisted of three parallel metallic 
plates, the middle one of which was charged with electricity and acted mductively towards tbe 
others, which were insulated from each other, and were connected each with one of the gold 
of an electroscope constructed for the purpose Plates of vaiious msulatmg substances could be 
placed between the metalhc plates and the distance between the latter could be altered at 
pleasure , and by comparing the distances when the electroscope indicated that the enerCT c 
induction from wie middle plate to each of the others was the same, the relative specific mduc- 
tive capacity of the insulator was inferred. ^ 
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INDUS. (The Indian ) One of Bayer's southern constellation?, often associated with the 
Peacock under the title Indus et Pavo. 

inequality. {Ifuegualts, uneven ) A term apphed in astronomy to any variation in the 
motion of a body. 

inequality, great, of SATURN AND JUPITER A variation in the motion? 
of these bodies caused by their mutual attraction It was noticed, soon after the recognition of 
the laws of planetary motion, that Saturn’s period was continually dimimsbing, vrhile Jupiter's 
iienod was contmually increasmg, though to a smaller extent It was further found that 
Saturn's penod was in excess of his mean period, calculated according to Kepler's laws, while 
Jupiter’s penod fell short of its mean value Accordingly the observed changes were such os 
weie calculated to restore the periods of the planets to their mean value Near the end of the 
eighteenth century the penods of Jupiter and Saturn had .issumed their mean value, but since 
th.it time Jupiter’s penod has continued to increase, uhile Saturn’s has dimimsh^. These 
facts uerefor a long time thought to be op]>oacd to the laws of gravity But Laplace succeeded 
111 detecting the ongin of the perturbation in the action of those laws, associated with a peculiar 
relation which exists between the motions of Jupiter and Satuni Two revolutions of Saturn 
t.ake place in nearly the same interval as five revolutions of Jupiter Hciicc, supposing the 
].lanet 3 to be m conjunction at any time they will be nearly in conjunction again when Saturn 
has completed two revolutions So that whatever perturbations were effected at and near the 
tunc of the first conjunction, will bo repeated dnnng the second eonjunc^ion, and so on Thus 
there uoll be a gradual accumulation of similar dibtinbances, so far as this p.uticiilar set of con- 
junctions is concerned , and there will result an effective ilistiirb.anco of the periods of both 
|il inets, such as could not take place did conjunctions occur at less icguliir intervals In the 
course of time, however, this paiticular act of coujunetions shifts its place so f.vr that contT.wy 
(ffectu are developed It is interesting to notice how the m.athematical expressions for plane- 
tnrj rrrturbation exhibit the effectiveness of such a relation of commensurahility between two 
jl inetaiy p-riods as exists in the case of Jupiter and Saturn C.dling the period of Jupiter J, 
and that of Saturn S,— then amongst the terms involved there is one in which the expression 
' J — 2 S) appears as a denominator , bo that $ J being neatly eipial to 2 S, this denominator 
1- small, and the term itself therefore large, mihcating the iclative largeness of the resulting 
pcrtufBation 

INEQUALITY, MOON’S PARALLACTIC See Liniar Theory 

INEllTIA. The passivoncss or inaotivity of matter This inertia, or perfect indiETerence to 
lest or motion is a quality of matter which stands foiuiwst in all incclianicid inquiries, and forms 
< iic of the chief distinctions between hving botbes and lifeless matter The first law of motion 
IS bill] ply an exposition of the pioperty of inertia, hence it is ficqucntly termed the Uw of 
luirti I 

INFURTOR PLANET A planet whoso orbit round the sun lies within that of tho earth 
INFLECTION, (/''«/lcc£o, in, and Jferto, ^exuin, to lx,inl ) A term used to denote certain 
phenomena due to mterference observed when a ray of light passes near to the edge of an 
opacpie body (See aetton ) 

INSOLATION {In, and iSol, the sun ) Exposure to sunshine 

INSULATOR A body which doe? not permit elcctrieity to p.asH through it or over its sur- 
face Among excellent insulators ate glass, wax, shell-lac, guttarpeieha, caoutchouc, ebonite, 
paraffin (See Conducto } , Mectrve , Conduclton, £leiti ic ) 

INSULATING STOOL A kind of support much used in electric experiments It oon- 
Htts of a flat piece of mahogany supported on three or on four glass legs, preferably the former. 
The glass legs ought to be varnished with solution of shell lac m spiiits of wmc, in order to im- 
prov e their lusulating powers The insulating stool is used for setting charged bodies upon m 
I'rder to prevent discharge by communication with the ground 
intensity of a MAGNETIC FIELD The intensity of a magnetic field, at any 
roiiit, iH measured by the force which a unit magnetic pole would eYptnence at that point , 
mat IS, a magnetic pole which placed at unit of distance from an equid pole would exert unit 
lofM of attraction or repulsion (See UmU, Moffnetic ) 
intensity of an electric CURRENT. (From the French, IntentM.) Is not 
nnfrequentl^used in Enghsh books for what is properly called the ttreivjth of the current ; 
me intensity of a current is proportiomd to the quantity of electricity that posses through any 
****TiS 2 i circnit in unit of tune 

intensity of two luminous sources, comparison of. See Phata- 

Birtry 

interference of light {/»<«•, between, and /mo, to strike ) If two slmilav 
a?g 8 Start fnan the same places at the same tune, they mcrease each other'e mtensity, and 

• U 
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the result is a wave of double bght , but if one wave is half an undulation in advance of the 
other, the crest of one occupies the position of the hollow of the other, and the result is a dead 
level If the intervals of starting are less than half a wave length, the result is a senes of 
smaller waves, the magnitude of which depends upon the distance which one wave has m 
advance of the other In the case of waves on the surface of water, this interference may 
easily be understood, and it has been found that similar phenomena obtain in the case of the 
ethereal vibrations which constitute the phenomena of light The interference of the waves of 
light may be produced in many w lys , by diffraction, or by reflection from thin plates such as 
soap bubbles , from grooved surfaces, such as Barton’s buttons , or from minute particles such 
as atmospheric mist, &c The illustration of the production of colours from thin plates wUl 
servo as a general eiiplanation of interference , special details being found under the different 
headings, — Neioton's Sings; Nev'ton's Scale of Colouis, Grooicd Surfaces, Colours of, Thtn 
plates, Cdouvs of , Tlntk Plates, Colouis of 

INTERFEltENCE OF POLARISED LIGHT See Polansation of Light , Colours pro- 
duced h) Polarised Light , Coloured Polansalion 

INTERFERENCE OF SOUND Stnctly speaking, the expression “interference” m 
regard to sound, is tautological According to the idea embraced in the “second” law of 
motion, a force acting on a particle produces the same or an equivalent effect, whether that 
particle be acted on or not by other forces In sound, the expression interference is hmitcd to 
the case m which the effort of one vibration to move a particle in one direction is partially, 
wholly, or more than Munteraoted by the cffoit of a second vibration, to move it inJihc oppo 
Bite direction The most obvious case of interference is when two senes of waves an^o related 


to one another, that a given point of the medium through which they are propagated is urged 
by virtue of one system of waves to occupy one extreme position, while by the other system it 
13 urged to occupy a position as far as posable removed fiom the first In this sense the two 
influences, or wave systems, “ interfere ” with one another, and the point remains at rest 
This effect is actually produced when the phase difference between two wave systems is half a 
wave length Then a point of mauuium condensation, according to the one system, will 
correspond to a point of maximum rarefaction, according to the other system , tho point will 
bo subjected to two equal and opposite influences, and will accordingly be unmoved Further, 
if two simultaneous wave systems differ by a half wave length, their simultaneous efforts it 
rarefaction and condensation will neutralise one another, so that silence will be produced This 
theoretical truth can be dcmonstiated experimentally by dividing a wave segment into two, 
and making one-half averse a path a h ilf wave length longer than the other half Silence 
ensues A tuning fork or other sonorous body is made to sound before a trumpi t-shaped tube 
The sound wave going down the tube is split upon a wedge and cast right and left into branches 
of the first tube The branches to the left and right are both U shaped, so that their second 
branches are reunited into a single tube The tube to the left is fixed m lengtli, that to the 
right can be elongated by sliding over it the convex extremity When this extremity w so 
elided that the total length of the band to the right is half a wave length longer or shorh r than 
that to the left, no sound is heard at the common extremity of the two, because the phases of 
the two wave systems are so related, that the maximum condensation of the one system torre 
spoudsto the maximum rarefaction of the other, and all the intermediate states of condensation 
of the one are comcident with the corresponding states of rarefaction of tho other The author 
of tins article has contrived an apparatus foi showing the same effect by employing a vibrating 
rod between the open ends of two tubes which are joined together When the rod apiivoatliLS 
one tube it causes a condensation on that side, exactly equal to the rarefaction on the other, so 
that, in all positions, there is exactly a half-wave difference of vibration in the two systems of 


waves. 

If a rectangular rod gives nse to a system of waves when struck, the note is heard with 
nearly equal distmctuess at almost whatei cr position the ear may be placed in regard to the 
rod But if it be placed at the comer of the rod scarcely any sound is heard, and if such a 
square rod be turned round as it is sounded, four regions of silence will be detected opposite to 
the four comers of the rod These regions are lines which mark the coincidence of the maiu 
mum compieasion due to one face, with the maximum rarefaction due to the other The 
absence of sound in these lines can be well shown by turning a struck fork above a cyhnuer 
glass of such capacity that it resounds to the fork’s note (See Sesonance ) 

INTERNAL DISPERSION See Fliuyreseence , . 

INTERNAL WORK OF A MASS OF MATTER. On referrmg to the article which 
treats of the mechanical equivalent of heat, it will be seen that Mayer deduced his determination 
from a calculation of the^work done, and the heat consumed, by a gns expanding under a con 
stant pressure. Gases exp.tnd far more than solids or liqmds for a like mcremSut of heat, hen 



INT 


307 


INT 


when they expand under conditione of external pressure, as m raising a piston against the 
atmospheric resistance, it is quite obvious that they perform a great amount of what may be 
called external work In fact, heat engines depend for their action upon this performance In 
the case of sobds and liquids, the external work is far less, because the expansion is far less, 
and by work we mean weight raised through a certain space fSee Foot-Pound ) For instance, 
if we take a cube of iron l decimetre (3 937 inches) in the side, and heat it from the fieezing 
to the boibng pomt of water (viz , from 32® F to 212“ F , or from 0° C to IOo“ C ), it will in- 
crease in bulk by about 4 cubic centimetres (that is, by about the bulk occupied by 60 grams of 
water at the freezing point) , and each face of the ciilie will be expanded twelve hundreths of a 
millimetre The pressure of the atmosphere on each face will lie 103 kilogrammes, hence the 
total exterior work done will be 618 kilogrammes (about 1360 lbs i kilog = 15432 34 grams) 
raised through six-hundredths of a millimetre, which is less than one-tenth of a kilograinmetrc, 
that IS, of the work represented by the raising of i kdogrammo through a space of i metre 
(3 280S99 feet) The exterior work of solids is therefore exceedingly sui^, and bears no com- 
parison with that of gases The exterior woik of hquids, which may be calculated from their 
coefficients of expansion, the conditions of pressure being known, is also extremely small 
But while in gases the force of cohesion has been entirely overcome (seo Expansion), and in 
liquids 13 but slight, this force is considerable m the case of solids The attraction of the mole- 
cules of solids for each other determines the solid form, and if such boihes arc far fiom their 
point of fusion, the force of this molecular attraction is excessively grant Barlow has calcu- 
lated th 4 Pa bar of wrought iron a si^uarc inch m section requires a weight of a ton to stretch 
it moini length In the case of the cubic decimetre of iron mentioned above a foice of 

250,000 kilogrammes would be necessary to produce the lengthening of twelve-hundredths of a 
milhnvtre , yet this 1^ effected by raising the same mass through IOO° C , and the wrought iron 
bar may be expanded through the length, for which by diiect stiain i ton is necessary, by heat- 
ing tnruugh 9® C (16 2“ F ) The fact is, that m expanding boilies, heat has to overcome the 
attraction of the molecules, and m so doing it performs internal woi h Before the molecules 
{ in be separated their cohesion must be combated, and as tho cohesive force of the molecules of 
ui erent substances vanes in intensity, so does the expansion for the same increment of heat 
vaiy (See Table given under Expansion ) As heat disaiipears in tho performance of mcchan- 
leal work, it follows that when wo heat a substance the heat is distnbuted into three parts , ono 
portien disappears as heat, and becomes meehamcal force, necessary for overcoming the external 
ii.nstanee wnich the substance undergoes in changing its dimensions , in fact, it performs tho 
eildialiLork A second portion of the cnmmunieatod heat disappears ‘^s heat and becomes 
inuelumcal force necessary for overcoming the internal resistance, that is, tho cohesive force of 
the molecules , in fact, it performs intemnl uoik The icst of the commnmcated heat remams 
as senstbl- hea^, and raises the temperature of the substances 
Now we know the amount of heat which reprcbcnts a definite amount of mechanical work, 
and lice lersa (see Mechanical Equiialent of Jfent), and the amount of heat which disappears m 
the pcifoimance of interior work can thus be determined When a pound of iron is heated 
from 32® F to 212® F it has been calculated that the foreo expended in interior work is equal 
to 16,000 foot pounds , that is, it could raise 7 14 tons to a height of one foe^ or i lb to a 
height of 9 miles 

In speaiupg of expansion, it has been stated that certain crystalline bodies contract in one 
direction when they are heated , wo know moreover that water near the freezmg point contracts 
when heated (See Maximum Density of Wala ) Watci possesses the same volume 

8 't 3 5“ 0 that It docs at 4 5” C , hence in heating it from one tcin2)crature to the other, it is 
quite obvious that the heat which disappears as internal work is nut expended in ovcrcommg 
the cohesive force of the molecules by separating them , this also applies to bismuth and to 
certain crystalline bodies In these instances it is piobablo that the mtcrnal work conusts in 
an alteration of the arrangement of the individual molecules unaccompanied by an alteration of 
their relative distances, such as a rotation of the molecules around their axes, or somo other 
nu^ement of mdividuid molecules not affecting tho space occupied by a congeries of them 
In hquefaction and vaporisation heat disappears, and is converted into intcnor work (See 
Latent IleaM) Again, it is obvious that as the number of molecules in equal weights of different 
Substances vanes greatly, and as their cohesive power also vanes, the consumption of heat in 
Work must also vary, and hence the absolute quantities of heat possessed by different 
ore not indicated by their temperatures (See Specific ITeat ) 

INTRINSIC LIGHT (Intnnsecus, intra, within, and secus, side ) Intrinsic light is m 
p^tradistmction to borrowed hght Thus the sun, a candle, a Geissler’s tube, or a glow-worm 
*<une by mtnnsic hght ; but the moon and most natural objects shine by borrowed or reflected 
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INVERSION, THERMO-ELECTRIC. See Thmiw-Electrinty. 

INVERTED SUCrAR A mixture of dextrose and lievulose produced by the action of acids 
or heat upon cane sugar (See Smjar ) 

INVERTINGr PRISM See Rirjld-Angled Prism 

IODINE {iofiSris, violtt-colourcd ) An element belonging to the chlorine group, discovered 
by Courtois m 1812 Atomic weight I 27 i symbol I At the ordinary temperature it is a sohd 
grayish, black, metallic-looking ci^btalline mass, very soft and brittle. It volatilises at the 
ordmary temperature, and when heated to 107° C (224 6° F ) it melts , and at a temperature 
between 175" and 180“ C (347'’-3S6‘’ F ) it boils, evolving a magiuficent violet-colouierl, leiy 
dense vapour Iodine dissolves largely m disulphide of carbon , to a less degree in alcohol and 
ether, and also m solutions of .alkaline lodiJea, and other salts Water dissolves it very spar- 
ingly In its chemical propcitios iodine resembles chlorine, but it possesses less intense allini 
ties Its principal compound is with hydrogen (see Ihjdnodw Acid), and with the metals 
(see their respcctivo Le.wlmgs) It also unites with nitrogen, chlorine, bromine, ovygen, and 
various orgamc bodies Tho nio&t important of these compound are tho following — 

Iodide of Udi oi/en This name ls given to a substance the composition, of which is not satis- 
factonly ascertained, and winch is probably a mixture of several substances, perhaps Cdiitamin" 
hydrogen It is a browmsh black powdoi, precipitated by adding a solution of iodine to an” 
moma, and also foimcd by digesting loJiiie m strong ammonia It must be dried m small por 
tions, on separate piccofi of hltenng paper, by exposure to the air When dry, iodide of nitrogen 
IB one of the most explosive substances known, tho slightest touch even with thflbud of a 
feather causing it to explode ivith a sh irp report, shatteniig to pieces the solid body upon which 
it rests If cautiously liberated fiom the paper, and allowed to fall from the height of a few 
feet into a basin of water, tho shock is sullicieut to induce explosion Its explosion is attended 
with the evolution of a beautiful violet vapour of iodine Many reagents, such as sulphuretted 
hydrogen or sulphurous acid, decompose it slowly 

The only oxygen oompounda of iodine which need be mentioned are iodic and penodit 
acids 

Iodic Acid Ijf^a m tho anhydrous state, and HIO3 in the hyiliated state This ciystallisiB 
from its solutions in transparent six-sidcd tables It is very soluble in water, and possesses the 
properties of a strong acid It is easily decomposed by reduemg agents With bases it forma 
salts, which, however, need net bo mentioned further 

Periodic <icid (aiiliydrous IjO^, hydi itcd 1110 ^) forms colourless deliquescent crystals, ubiLh 
decompose easily ift compounds with liases are well dehned, but of no particular interest 
IOJ 3 o (QUININE, SULPHATE OF A salt of which the composition i» somewhat doubt 
ful, first piepared by Herapath It foions lirgc flat eiystals, exhibiting by reflected light an 
emerald-green metallic lustre By transmitted light they aic almost colourless, being of a 
faint neutral tint These crystals po'iscss the raic property of allowjug only one iiolanscd 
ray of light to pass, exerting an .action upon hght in this respect faimilar to a plate of tourmaline, 
or a Nicol’s pnsm On this account they are laig’cly used in optical expeninents, and usually 
go by the name of Jieraputhite or luhjltiul tourmaline The salt is prepared by dissolving acid 
sulphate of quinine in. strong acetic acid, and gradually droppmg in an alcohohc solution of 
iodine After a few hours the crystals separate m large plates (For further particulars sec 
Hcrap.ath’B paper in Journal Clicm Soc , xi 130 ) 
lOLTTE See Bichroite 

IONS (tip, that which goes ) A term introduced by Faraday to designate the two per 
tions into which an electrolyse sjilits up under the influence of the electric current, and whitli 
go one of them to the positive electrode, or, as he calls it, the anode , and the other to t lie 
negative electrode, or i-othode The former he calls tho anion, tho latter tho laUuon (See 
under those names and Plectrolysis ) 

IRIDESCENCE (ipis, tho rainbow) Exhibition of prismatic colours This term is 
usually applied to the phenomena of intuference colours, shown by grooved surfaces or thiu 
films , thus we speak of the iridescence of mother of pearl and of a soap bubble (See Barton S 
Buttons, I) iffi action Spectra , Grooied Sui faces, Colo ms of , Colours of Thin Plates ) 

IRIDIUM (ipis, the rainbow ) A somewhat rare metallic element found in association 
with platmum It was discovered in 1804 by Tennant m the residue left on dissolving crude 
platinum m nitro-hydrochloric acid, m which it occurs in an aUoy with osmium, and hence 
tunes called indosmme. From this it is separated wuth great difficulty The atomic weight m 
indium IS 99 13, and its symbol Ir In the pure compact state after fusion it is a bnght whi 
metal, very dense (specific gravity 21*15). bnttle in the cold, but malleable at a red **®'‘*' 
acted upon by idl acids, *aud infusiUe m the ordmaiy oxy-hydrogen blowpipe Deville h<i • 
ever, has Euceeeded m fusmg it m Ins lime furnace, fed with a powerful oxjphydiogen bias 
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Indium, alloyed with platinum, renders it harder, somewhat less fusible, and less affected by 
cros flames and chemical reagents. Hence this alloy is sometimes used instead of pure pl.itinum 
for c h ^mi ee-l utensils The compounds of indium with chlonne and acids assume many colours, 
hence the name given to it by the discoverer 

IRIS That portion of the eye which surrounds the pupil It owes its name to the different 
colours — ^vanous shades of blue, brown, or gny — it assumes in different persons (Sco Eye ) 

IRIS ORNAMENTS See ZJaj ton’s Buttons 

IRISCOPE (tpis, the rainbow, and oKovea, to view ) A philosophical toy by winch New- 
ton’s coloured rings can be readily seen It consists of a plate of black polished glass, cleaned 
BO perfectly that vapour is deposited on it in a continuous fllm On breathing through a glass 
tube upon the surface, coloured rmgs appear, owmg to the chffeient thicknesses of the aqueous 
film deposited The order is that of Newton’s scale rti ersed, as the film is thinnest at the 
mirgin and thickest at the centre (See Newton’s lliiiijt ) 

IRON A metallic element very widely diffused in mature, and occiimiig in great abund- 
ance in many parts of the world Its symbol is Fc', fiom the Latui word fin tun, and its 
atomic weight 56 In the perfectly pure state iron la almost unknown, its preparation being 
attended with enormous difficulties , hut, fiom the icsoarchcs of I)i M.attliiessen, it .appears to 
be softer than ordinary wrought non, of ailvci whiteness, capable of taking a high polish, and 
very tough Its specific gravity is 7 8439 Elcctiotjpcd non has been found to h vve a specific 
gravity of 8 1393 In the purest attamahlo state, iron is scarcely acted on by acids In the 
arts, non is met with in the forms of malleable iron, steel, and cast iron Thu first hi mg iron, 
as free fftim imimntics as it is possible to get it, and the oth r t«o being non, cout lining car- 
bon, m proportions varying from o 65 to upwards of 5 o per cent Good in.i.Ilcablc iron, known 
•aho ja wrought iron, is of a grayish colom Its M2Jecific gr.ivity is about 7 S Its melting ijoint 
aporoiichcs that of platinum , although at tempei.itiircs far below this, it assumes ,i soft j'asty 
oouJ'tion, and is capable of being welded together into one mass Tins proiieity of it in is of 
the gioatest value ii^manufacturing opeiations Its Inidiiess .and toughness are scarcely iltercJ 
b> heating to redness, and cooling suddenly, forming in this les^icct a strAing contr.ist to steel 

'll cast non It is very malleable and ductile, and at a rod heat may be hammered end rolled 
into any d< sired form By these operations it acquuts a fibrous tevturo, and ineroases gre.atly 
m tenacity The presence of foreign substances modifies the working properties of wrought 
iron thus, sulphur m quantities of upw.aids of o ot jici cent renders it what is technically 
c.dV J "red short”— that is, brittle and non tenacious at a led heat Phosi)hQius, if present m 
quantities of more than o 5 per cent , rendcis the iron brittle at the orthnary tempeiaturc, or, 
i' it 18 teelinically called, “coldshort" In diy .air ni illuahle iron is unchanged, but air and 
moisture quickly oxidise it, forming a led lUst, avhieh in timo would c’at through the whole 
ni'iss When heated to avhiteiicss m a current of .air, m.alleable iron Imiiis with vivid scintilla- 
tions, pmduc.ng magnetic oxide, and at a red heat decoriqioses aqueous va2)our, fonuing mag- 
nttie oxide and evolving hydrogen (See Htiihinjen ) 

Stctl IS intermediate between malleable non and cast iron, and its peculiar pn>2icrtiea are 
BU2ip<ised to de2iend upon the amount of carbon combined with it The host steel contains 
abort 1 5 2ier cent, and when the carbon gets IksIow tins it becomes “ mild steel,” and ap2>roachcs 
wrought lion in its properties, whilst when the caibou incicases beyond this amount it assumes 
the 2Jro2H’rties of cast iron The distinguishing proxierty of steel is that of becoming very hartl 
and brittle when it is heated and then plimgcd into water, and of becoming soft again when 
heated and cooled slowly When hardened steel is gradually raised m temiicratiire and a 
hnght surface is watched, it will be seen to pass through different shailes of colours which nro 
due to different thicknesses of oxide (Sec Thin Plates, Cvlouta of) These colours have been 
found to coires2)ond to definite temperatures, and if the steel is plunged into water at any 
^rticulai colour it ivill be found to possess a definite amount of tcmiicr, ns it is colled, 
dependent upon the temperature which it had attamed The following table gives the colour 
assumed by the surface, the temjicrature to which this colour corresponds, and the kmd of tool 
or instr ament to which this particular temper is best suited. 


Temperature 
220° C (430° F) 
232" C (450° F) 
243‘’C (470* F) 
254° C. (490° F) 


*65*0 (510" F) 


Colour 

Famt yellow 
Palo straw 
Full yellow. 
Brown. 

Brown, dappled 
with purple spots. 


Lancets 

Best razors and most surgical instruments 
Common razors, jien knives, &c 
Small shears, scissors, chisels for cuttmg 
cold, hofs 

Axes, plane irons, pocket knives. 
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Tomperatnre Colour 

277° 0 (530° F ) Purple Tabic knives, large shears 

288“ 0 (550“ F ) Light blue Swords, watch springs, bell springs 

293° C (560° F ) Full blue Fine saws, daggers, augers 

316“ C {600° F ) Dark blue Hand and pit saws 

Good steel is white m colour and takes a very high polish Its fracture should be close and 
granular, with no appearance of fibre Its tenacity exceeds that of any other metal or alloy 
Its specific gravity vanes between 7 6224 and 7 8131 It melts at a lower temperature than 
malleable iron, being more fusible m jiroportion to the carbon it contains When near the 
melting point it is capable of being welded and wrought When dissolved m acids it leaves a 
block carbonaceous residue Steel is produced either by addmg carbon or a highly carbonised 
iron to malleable iron, as in the cementation process, or by removing carbon from cast iron ca 
in the processes of malung natural steel, puddled steel, and Bessemer steel A description of 
these different processes would occupy too much space, and the reader is therefore referred to 
works on metallurgy for further details 

Cast Iron or Pig Iron is iron containing the highest amount of carbon There are two kinds 
viz , gray and white cast iron Gray cast iron is granular in texture and of a gray colour Its 
fracture is fine grained, and on close examination particles of graphite may be detected m it 
Its specific gravity is about 71 It melts at about 1600° C and becomos very hquid, passing 
suddenly from the soh^ to the liquid state When rapidly cooled it is converted mto while 
cast iron 

White cast iron is much whiter than gray cast iron , it has a ciystalhne and somewhat con 
choidal fracture, and is very hard and buttle Its specihc gravity is about 75 It melts at a 
little lower temperature than gray cast iron, and before becoming liquid it passes through a 
pasty condition When cooled very gradually it is changed into gray cast iron The most 
characteristic kind of white cast non is Spicgcleiscn or Specular Iron The chief difference 
between these two kinds of cast iron appears to be duo to the state in which the carbon is eon 
tamed in them In white cast iron it is snpiiosed to be in chemical combination, whilst in gray 
cast iron the greater part is mechanically diffused thiough it in the form of graphite The 
carbon may bo removed from cast iron by heating it to the woldmg point and stirring it about 
in the air or with oxide of iron {Puddling Ptorcsi), or by blowing air through it in the melted 
state {nesienicr Process) In the latter operation the heat produced by the combustion of the 
carbon is sufficient to raise the temperature to such a degree that when at lost the carbon is all 
burnt off the rc8ultiii§ malleable non is still in the hquid state If these operations are stopped 
before all the carbon is burnt off, steel of various quUities is produced Besides carbon, nhiih 
may be considered a normal ingiedieiit, cast iron contains other impurities, of which sulphur, 
phosphorus, and silicon aic almost always present, whilst manganese, copper, aluuiiiiiuia, 
calcium, magnesium, arsenic, nickel, cobalt, titanium, vanadium, ehromiuni, zinc, antimony, &e , 
occur less frequently Cast iron is tbe form in which the metal is almost invariably prcp,ircd 
from its ores A mixture of iron ore, (see Iron 0 > cs, ) hmostonc, coke, and sometimes other 
substances to form a fusible slog, is piled up m enormous quantities in blast furnaces, souietunes 
nearly 100 feet high, and after being ignited below, the heat is brought to its greatest intensity 
by forcing in blasts of air by means of powerful pumps, and through blowpipe nozzles two or 
three inches m diameter The blast is sometimes at the ordmaiy temperature, but more 
frequently heated to about the melting point of lead Reduction of the iron to the metafile 
state rapidly takes place, whilst the other constituents form a fusible slag through which the 
iron falls and coUeets in the lower part of the furnace, the slag forming a hquid layer over it 
As the slag accumulates, it is allowed to flow from an aperture above the level of the liquid iron, 
and when the iron has accumulated to a certain height it is tapped off at the lower part whence 
it flows m a stream along channels prepared for it in the sand with which the floor of the shed 
is covered The chemical reactions which take place in a blast fumaee are very compbewtM, 
and are not yet thoroughly understood The reduction of the oxides of iron is effected by the 
carbomc oxide at a temperature lower than the melting point of iron, and the materials with 
which the blast furnace is fed are so proportioned that the amount of sihca, alumina, and i^h 
H bftll be present m the proper proportion to form a double sihcate of lime and alumina This 
double silicate hemg fusible below the melting point of iron, coats the reduced spongy metal 
with a varnish and prevents its reoxidation whilst its temperature is nsmg to the fusing point. 

The gases which issue from the top of blast furnaces consist of between 50 and 60 per cen 
of mtrogen, about lO per cent of carbonic acid, 25 per cent of carbonic oxide, the 
being a mixture of marsh gas, olefiant gas, and hydrogen Formerly they were I « . 

bum at the mouth of tha furnace, but latterly they have been drawn off and i|tilised as fuel 
heating boiler^ puddbng furnaces, &c. ^ 
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Oxides of Iron Iron forms several oxides, the most important being the protoxide, the sea- 
quioxide, and the magnetic oxide 

^ Tke Protoxide or Ferrous Oxide (FeO) is scarcely l^nown in its pure or hydrated state It 
IS a powerful base, forming salts, which are for the mo&t pait soluble m water, easily crystal- 
Ijsable, of a pale greenish blue colour, and white when an%drous Those of any inipoitance 
are described under the headings of their acids 

Sesqutoxide of Iron , or. Fen te Oxide (rej03). This is very widely distributed in nature, and 
in the f^.rm of haanatito and specular iron 18 one of the most important ores of iron When 
anhydrous, and prepared artificially, it is an amorphous powder, varying in colour from bright 
red to dark brown When prepared by igniting the magnetic oxide it is magnetic, but gene- 
rally it has no magnetic properties , it is reduced to the metallic state by hydrogen, carbon, 
carbonic oxide, and combustible gases, at a red heat Sulphuretted hydrogen reduces and sul- 
phunses it In the hydrated state it is a yellowish brown earthy looking powder, which be-^ 
tomes anhydrous at a red heat, and is reduced more easily than the anhydrous oxide Scsrjui* 
oxide of iron dissolves in acids, forming salts which aic generally diflicultly crystalbsable The 
most important of them will be described under the headings of their acids 
Maynetic Oxide of lion {FC3O4). When native this is tlie richest ore of iron , it is formed 
artilicially when aqueous vapour is passed over red hot iron, or when non is burnt in oxygen 
It may be obtained beautifully crystallised by other processes It is black, almost insoluble in 
acids, and attracted by the magnet It docs nut form salts 
Suljihtdes of Iron There are several sulphides, those of most inHiortance being the fol- 
lowing — 

Maynctie Sulphide of Iron occurs native in crystals of a bronze metallic lustre , it is brittle, 
and slightly magnetic , specific gravity 4 55 , the foiuiula n not well ascertained 

Disulphide of Iron (FeSj) is very frequently met with native, and is known as yellow piji itcs, 
ail»' pytites, and mundic, and when in a diiicrcnt state of t rystallisation, white non pyntes or 
imreasite The yellow \aiiety occurs in cubical crystals and forms associated therewith , its 
specific gravity is about 5 o , it has a bron/e yellorv mctillic lustic, and a coiicheulal fracture 
dues not alter by exposure to air, the white v>uicty urmarcasite crystallises in pyiamidaland 
prismatic combinations, and is often massive , its specific gravity is about 8 , it has a very 
pale yellowish gray metallic lustic It oxidises readily m the air, the heat sometimes rising to 
sue! an extent as to cause combustion of the nia^s Iron pyrites is now used in enormous 
(lUuntil-ieB 'n the manufacture of sulphuric and , when ignited m the an sulphurous acid is 
furmed, and sesquioxidc of iron, containing a little suljdiate of iron, is lcj|; 

Corlndca of Iron Combinations of carbon and iron, such as cast iron and steel, are colled car- 
liiiks of iron Artificial compounds of carbon and iron, m defimte projiortioiis, have been pre- 
Iiared 

Ohloiiden if Iron Of these there arc two — Protochloi nh of Iron, or ferrous chloride 
(FcClj) in the hydrated state ciystalliscs m bluish ciystals, which are readily soluble in water, 
and deliquesce in moist air I 3 y evapniating the solution to dryness, and heating, it becomes 
anhydrous Scsquichlonde of Iron, pcichloridc of iron, 01 feme chloride (Fc^Clj) siibliiucs in the 
aiilydrous state when chlorine gas is passed over hot iron turnings It forms dark brown 
metallic looking crystals, which sublime at a little above the boiling point of water , it deliquesces 
m the air, and is very soluble in water TJic solution of scsquicLloude of iron is usually pre- 
pared m the wet way On eva^ioiatioii it yields crystals, which coutaiii water of crystallisation 
Hesquichlondc of iron is of considerable use m the laboratory, and also in medicine It is one 
of tile most powerful styptics known for.arrcstiug bleeding Scsquichlonde of iron forms nume- 
rous double salts with other chlondes 

Iodide of Iron, or Ferrous Iodide (FeTj) A brown mass formed by the direct union of its 
elements, dissolving in water to a pale gieen solution, and crystalhsing 111 green deliquescent 
crystals It is quickly altered by exposure to air, wntb absoiption of oxygen. No other com- 
pound of iron and iodine is known 
1 R 0 ^ , METEORIC See Metemnc Iron, 

IRON PYRITES See Iron Sidphides 

IRON ORES, The most important iron ores are Mdffnelite, or Magnetic Iron Ore, It has 
a block metaihe lustre, and sometimes forms mountainous masses , it contains 72 41 per cent 
of iroQ 

HanuUiU Bed Iron Ore, or Oligtslic Iron, This is native feme oxide, and occurs either crystal- 
bne or massive, and sometimes m kidney-shaped lumps When pure it contains 70 per cent, 
of iron 

Specular Iron Ore, or Elba iron ore. This is also a feme oxide. It is iron gray and ciystoh 
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Brown Iren Ore. This is a hydrated scsquioxide of iron, containing ■when pure 59 89 percent 
of iron It IS generally of a compact earthy appearance 
Spaifm Iron Ore, or Sparry Iron Ore Native protocarbonate of iron It orystalhses, fonnmf? 
noasses of a light yellowish colour IVhen puro it contama 48 27 per cent of iron There are 
mountainB of this ore on the continent of Europe 

Clay Iron Ore This consists of a mixture of hcematite or spathic iron ore with clay 
IBBADIATION. {Irradio, to shine on ) See Diffraction 
lERATIONALITy OF DISPJiESION. See Dispersion, Irrationality of 
ISINGLASS See Gelatin 

ISABNORMALS, THERMIC Dov6 has published a series of maps indicatmg the devi 
ation of the temperature of different regions, from the temperature due to the latitude for 
different months Ho calls the lines joining places in which the deviation is the same thermic 
itabnormals 

ISOBAROMETRIC CHARTS (loos, equal , ^dpos, weight , and fjJrpov, measure ) Charts 
indicating the distribution of baronietnc pressure over the globe Dovi? has used the term 
however, in a different sense In Buchan’s excellent Handy Book of Meteorology such chaita 
are given for January, July, and for the year The most remarkablo features in the chart for 
the year are (0 the existence of an eqiiatonal zone of relatively low pressure, and (2) the gre.it 
difference between the barometric pressure in high northern and southern latitudes Tlie low 
antarctic barometer has been taplaincd m several ways. Captain Maury referring it to the 
effect of the enormous qiantity of aqueous vapour iiping over the southern hemisphere He 
supposes this vapour to carry off towards c<iuatonal regions a portion of the air which would 
otherwise add to the pressure in high antarctic latitudes The present writer has given rev 
sons for referring the difference of pressure to that displacement of the e.artU’s centre of gi.ivity, 
which causes the Bouthern hemispheie to be more largely covered with water than the uoitheni 
This access of water ivoiild, 111 fact, laiso the level of the seas in high southern latitudes above 
the mean level of the torrestri.il spheroid If this view is just, barometnc observations in 
northern and southern seas give us the means of determining the disjilaccment of the earth's 
centre of gravity 

ISOSCELES PRISM (fdos, equal , ciceXos, a leg ) A pnsm the section of wbicb, porjvtn 
dicular to its axis, is an isosceles tiiaiigle , this and the equilateral pnsm are the forms usiw'ly 
enmloyed to effect the prismatic decomposition of light (See Pnsm ) 

ISOCHEIMENAL (loos, cipial , and winter ) Isorheimened Lines are thi>.o so 

traced on a chart of the earth’s surface os to pass through all places having the same me lu 
winter temperature fSee Isotlici mat ) 

ISOCHRONISM (toos, cipi.al , xP<»'os, time ) The property possessed by pcndnlnms, 
bplance-'whecls, and oscillating pai tides, by which they pei form their oscillations, whethe i m 
longei or shorter arcs, in the aiiiie tunc As an illustration, let us suppose a smooth particle to 
be dropped into a smooth hemispherical bowl It will oscillate man arc of a vertical circle 
When the arc becomes small, the tunc of each oscillation will be the same , hence a vpvt''cal 
circle IS isochronic for a particle .acted on by gravity for a small arc only If a partulc ho 
dropped down a cycloid (the curve traced by a point on the circumference of a circle which rolls 
on a straight hne), the time of oscillation will be the same wherever the startmg point may he 
On account of this remarkable property, the (peloid has been termed the isochronic curve (8cc 
Jloralogy , Pendulum, Bcdance-Whed) 

ISOCLINIG LINE (loos, equal , kKIvu, to inclme ) A line joining all the places on tbi 
earth’s surface which have equal magnetic tndmationpT dip is called an isoclimc line Such 
lines are found to occupy much the same position with regard to the magnetic poles that the 
parallels of latitude hold with respect to the geographical poles A line called the nmynetic 
equator or aclinic line (a pnv ), or line of no dip, nearly coincides with the terrestrial equator, 
and the other isoclinic lines are nearly parallel to it (See Magnetism, Terrestrial ) 

ISODYNAMIO LINE (loos, equal , Stra/us, force ) A line joining all the pomts on the 
earth’s surface at which the magnetic intensity is the same is called on isodynamic line These 
bncs are, roughly speaking, parallels ruunmg east and west , they do not, however, coincide 
with the isoclinic Imes , 

ISOGONIC LINES, (toos, equal , yanda, au angle ) A line joining all the places ™ 
earth’s surface at which the declination or angle made by the magnetic "with the geographical 
mendian is the same. The ^ueral appearance of these hnes, when laid down on a magnetie 
chart, u that of runnmg nearly north and south, but with very many and very great irregulan 
ties They all converge to two pomts, one m the northern and the other m the southem 
hemisphere, called the magnetic pole^ and from them tiheae radiate (See Maynetisnh 
Terrestrial. * 
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ISOMEBISM equal , and ft^pos, part ) Bodies are isomeric when they have the samo 

elements and the same percentage composition , thus butyric acid and acetic ether have each 
the composition C 4 HgOs, and are called isomenc, although they are very different m chemical 
propfirticfl 

ISOMOEPHISM. (fffor, equal , and /lop^, form ) Bodies are isomorphous when they 
have the same crystalline form, whilst their chemical composition is different Thus the salts 
of phosphonc acid, and arsenic acid, of sulphuric, and selenic acid, and the protosalts of mag- 
nesium, sud zinc, are isomorphous — that is to say, their correspondmg compounds crystallise in 
same form 

ISOTHEBAL (fcos, equal , and Oipoi, summer ) hotlicrcd hnea are those so traced on a 
chart of the earth's surface as to pass through all places having the same mean summer tem- 
perature (See Isothermal ) 

ISOTHEEMAIi {taoi, equal , and Olppij, heat ) Isothermal lines are lines drawn across 
a chart of the earth so as to pass through all places having a given mean temperature, whether 
for a given month or for the year Isothermal lines for tho year arc commonly called the 
mean annual isotherms, the isotherms for July and Janiiaiy — that is, for the hottest and 
coldest months of tho yeai, arc called respectively tsolhetals and ti>ocheiMenals 
We owe to Humboldt the suggestion that isothermal charts should be constructed, and also 
a large mass of materials to aid in their construction Such charts are most important aids to 
the study of climatology, indicatmg as they do those great laws winch, apart from latitude (as 
also apart from altitude), affect the climate of a country (See Climiittc ) It is m particular 
noteworthy that whereas the moan annual isotherms evliibit a certain general uniformity, and 
(except in polar regions) a general tendency to coiucidcnco with latitude-parallels, we see* in the 
laothcrals, and still more markedly, in the ivicheimcnals, tho most striking departures from 
rujulinty In July wo find tho continents more heated than the ocean regions lying on the 
same parallels , m January the direct reverse is the case litre reference is made, of course, to 
tho iiorthem hemisphere, where alone continental and ocean regions are distributed pretty 
•'qually, and where also we have full materials for the construction of these charts It may be 
I' tod m passing that the terns isothoral and isocbciinciial arc not vciy happily chosen, since 
liu winter season for one hemisphere u the summci season for tho other 
One of the most striking of all the features presented by isothermal charts, is the position of 
those ihOtherma which cross or pass near the British Isles in winter Instead of lying along 
parallels of latitude, they run so nearly north and south across Great Bntam, that one may 
accept it as a general rule in selecting vnntcnng pLiccs in these Isles, that a high temperature 
J6 to be sought by travelling from east to west, instead of fiom nortl^ to south The mean 
winter clicnate of the south-wcbtern extremity of Ireland is considerably warmer than that of 
Constantmople, oi even Cabul on the eastern continent, or than that of Washington on the 
ueitim 

It would be an advantage if the use of polar projections of the two hemispheres could be 
intioduced for lEothennal charts, instead of Meicator’s, which so enlarges polar regions as to 
make the isothermal lines in high latitudes barely intelligible 
Wc require also charts constructed so as to indicate the range of temperature for the year, 
since this is a more important element of climate than even the mean annual temperature 
IZAB (Arabic ) A name sometimes given to the star e Bootis It is called also Mizar, 
Muach, and PulLberrima 


JACK (Same as French Jacques, James , a common name for a hcIping-hoy, and thence 
any instrument supplymg tho place of a boy, as boot jack, and generally appbed to any instru- 
ment rendenng convement though apparently slight service ) An adaptation of the toothed- 
wheel for the purpose of raismg great weights through small distances It consists of a pedestal 
or support^ ui which works some combmation of mechanical powers, usually a rack and pinion 
(See Rode and Pirnon ) The rack is prevented from descendmg after being raised by the 
following means — ^A small wheel, termed a ratchet-wheel, is attached to the axle, and furnished 
wth teeth mchned in the direction opposite to that in which it is to move, and a catch falls 
between the teeth as the wheel revolves The reaction of this catch is in the direction of the 
^gent to the wheel, and permits of the motion of the wheel in one direction only. A much 
greater power, though attended with a proportionally diminished range in space may be 
obtained by combinmg two or more wheels and pinions in the jack 
JACOBIS MEMBRA NF. A dehcate transparent mcm&i-ane of tho eye sepaiatmg the 
choroid coating from the retina. (See Eye.) 
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JANSSEN’S TELLURIC LINES. See Atmoiphenc Limt of the Solar Bpectrum. 

JARGON See Zirconium. 

JASPER See Quartz 

JET PHOTOMETER The quantity of gas which will pass through a small aperture at a 
constant pressure vanes with the density of the gas, and in the case of different gases the 
quantity which will pass is mversely as their densities Mr Lowe has constructed an instru- 
ment on this principle , it is not, howevci, stnckly speaking a photometer, or hght measurer 
hut an indicator of constancy of quality , so long as the quahty of the gas is unaltered, the jet 
of flame remains of the same size (See Photometry ) 

JOINT (French, joindre, to join , jotut, joined, Latin, jungere, to fasten together) In 
machinery, any contrivance by which two different parts may be united cither tcniporarilj or 
permanently Joints ore lanously constructed , one of the most usefuJL is the universal joint 
mvented by Dr Hook The two axles which are to be connected terminate in semi cm ular 
pieces of iron, and tlie diameters are fixed upon each other crosswise, at the same time m(iMn» 
freely in the extremities of the semi-circles Thus cither axle may change its position thruu 'fi 
a considerable angle without necessarily altering the action of the other Where the greatest 
possible longe of motion is required, a double joint can be used, constructed on a similar 
pnnciple 

For other varieties of joints, sec Pall-and-Soclet 

JOULE’S EQUIVALENT Methamcal Equivalent of Jleat 

JUNO One of tYioiAstci oidt, (q v) 

JULIAN PERIOD A penotl containing 7980 years, and therefore including an integral 
number of cycles of the sun (each twenty eight ycais), of the moon (each umeteeii years), and 
of the indirtion (each fifteen years) 

JUPITER In astronomy, the fifth of the planets in order of distance from the sun, the 
innermost and also the noblest of the system of major planets travelling outside the ione 
of asteroids Jupiter's mean distance from the sun is 47S,692,cxx) miles , hw greatest, 

498.639.000, his least, 452,745,000 The mean distance of the earth from the snii bung 
91,430,000 miles, Jupiter's distance from the eaith vanes from about 361,000,000 to about 

590.000. 000 miles The eccentricity of his orbit is considerable, being o 048239 , its inclina 

tion to the ecliptic is l° 18' 40 3" He accomplishes a sidereal revolution in a mean period of 
.4332 5^4^ interval separating his successive returns to opposition, has a mean 

value of 398 867 days Hu is the largest of all the planets, having an equatorial diameter of 
no less tlian 84,850 miles His polar di imcter is about iVth less, according to some estim 
while otlieiB ni<iku th^ compression of his globe as great as i^th, or even ^th Ills voluiiie 
exceeds the earth’s no less than 1233 Z05 tunes , hut his density being only about one fourth 
of the earth’s, his mass does not exceed the earth’s more than 301 times He is, however, 111 
weight os well as in volume, the first of all the pl-uiets Indeed, he outweighs their conibmed 
mass more than doubly His rotation upon Ins axis is accoinplished in a few minutes less than 
ten liuurs , the inclination of his equator to his orbit is only 3° 5' 30", so that tlicie can be no 
appreciable seasonal changes in any parts of his globe 

Jupiter 18 surrounded by a noble system of dejiendent orbs, having no less than four satellites 
(the least of which is equal to our moon in bulk) circling around his globe They vv ere dis- 
covered by Galileo in 1610, and tbeir motions have been ever since carefully studieil by 
astronomers They afford to the amateur telescopist an mterestmg subject of study, as they 
pursue their career around the primary, now transiting his disc, now attaining their greatest 
elongation, and anon passing into his great shadow-cone Their changes of configuration aie 
also well worthy of study Sometimes all will he seen on one side , at others, a pair on each 
Bide of the planet’s disc Often he seems deprived of two or three of his attendants , vv hilc 
occasionally, though at very long intervals, he can be seen without any satclbte external to hw 
disc The observation of the cchjvsea, occultations, and transits of these satelhtcs afford a 
means, though not so exact a one as was once hoped, of determmmg terrestrial longitudes, and 
accordingly the epochs at which these phenomena may be witnessed, ore announced before*- 
band m the Nautical Almanac At present it would seem that, besides the mherent difficulties 
in this mode of determining the longitude, there are others depending on the inexactness of the 
tables of Jupiter , and it is to be hoped that, before long, better tables than Delambre's will be 
prepared and pubhshed. Observation of the phenomena of Jupiter’s satellites affords a useful 
exercise to the young astronomer 

It was by observations of Jupiter's satelbtes that the velocity of hght was discovered I"** 
eclipses and other phenomena were observed to take place later than their calculated time when 
the planet was aj^iroach^ conjunction. It was at length su^ested by Romer that this u 
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due to the greater distance light has to travel at such times Hepeated observations have 
shown this explanation to be the correct one 

The disc of Jupiter is crossed by dark belts variable in breadth and figure (See Bdta ) 
Dunng the wmter of 1869-70 these belts were much studied by astronomers, on account of the 
striking colours and changes of colour they exhibited Tliese changes had been noticed in the 
autumn by IVlr Browning, the optician, who was the first to invite the attention of astronomers 
to their singular nature 

Much yet remams to be learned respecting the physical habitudes of this noble planet, and 
there IS room for prolonged and patient study of his appearance, and changes of appearance 
It may be reasonably questioned whether he pr«>ents oven a general resemblance in phjsical 
constitution, and especially in his present physical condition, to our earth, or to any of the 
small planets circling within the zone of asteroids. 


K 

KALEIDOPHON Wheatstone’s kaleidophon consists essentially of a bcrics of clastic 
steel rods of rectangular section, which can be fastened rigidly at one end into a massive support, 
and which carry at the other end a bright silver button, ui silvered globular glass bead The 
object of the kaleidophon is to show the influence of thickness upon iflie rate of vibration of 
an clastic rod, and to render visible the effect upon the rod of difference of phase of two 
simultaneous vibrations If a square rod be fi\cd m an upright position it will vibrate as 
faot when its plane of vibration is parallel to one of its faces as when parallel to the neigh- 
bouring face at right angles to the fiist plane (see Vibiations, TiamietsaL, of an daultc rod), 
and the bright bead at the end will appear to move in either case in a straight line If the rod 
receive” two equal and simultaneous impulses at light ingles to one .'luothei when at rest, that 
IS, when the jihaso difference is nothing, it will move in i str ught Imo bibcetiiig the diieetion of 

c impubea and return along the same path Its path will, therefore, be a straight line If 
when under a single impulse it has reached its pomt of niaximum excursion it receive the second 
impulse at right angles to the first, there will be a differcuee of phase of half a complete vibra- 
tion and the end of the rod will then vibrate in a straight line perpemflicnlar to the foimer ono 
Tf uii h'r the influence of the first impulse it has completed half an excursion, or a qiiaiter of a 
V ibration, it receives the second it will move in a circle The same will be the case if it icreivcs 
the 'econd impulse when it has completed three half excuisious or three quarters of a vibiation 
In all other relations of phase ellipses will he dcseiibeil, which will remmii constant if the rod 
lie exactly square and exactly clamped By means of a little screw working through the 
Iiv'destal oar side of the rod may be touched near to its exticmity , this virtually shortens one 
side of the rod It no longer vibrates in the two diicctions at the same rate The figures no 
longer remain constant but collapse and expand Tf the rectangular rod be twice as wide as it 
IS thick an analogous senes of figures will be described depending upon the difference of phase 
The figure corresponding to the stiaight line (o or J vibration dilfeicncc) will now be an open 
curve resembling a parabola and having its curvature turned one way or the other, according as 
the vibration difference is O or ^ The circular path of the fonner case will now appear as a 
figure of 8 (difference of vibration ^ or |) The intennediato enbes will rcbemblo the same 
figure having the pomt of intersection pushed laterally one way 01 the other These figures 
correspond with the clhpses of the former case As before, by means of the screw a slight dif- 
ference of rate of vibration m one direction may be introduced, whereupon the figures vary as 
in the previous case Similar but more complex figures are formed when other relations exist, 
the shape of the constant figures depending upon the numerical relation of the vibrations and 
their relative phases, the motion of the figures depending upon a continual change of phase 
The simplest case of the first of the relations given is, of course, offered by a cylindrical rod m 
vibration , for such a rod must vibrate at the same rate m all directions 

By fastening one elastic rod at nght angles to another at their extremities the vibration of a 
point in three dimensions can be examined In this, as in the former cases, the position of the 
^int at any given tune can be calculated, and the shape of its path determined mathematically. 
Sir C Wheatstone has also constructed an apparatus for illustrating the same effects when a 
npd body IB subjected to similar impulses The centre of a rigid rod works in a socket joint, 
the upper end cames the bright bead, and the lower end is pushed backwards and forwai^s at 
& extant rate by a horizontal rod ,^other honzontal rod at nght angles to the first also 
pushes and pulls the end of the upright rod The two horizontal rods are so connected together 
two fnctioA wheels at right angles to one another that moving one wheel toward the 
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centre of the other any disproportion can be obtained in their rates of rotation, and consequentiv 
in the rates of backward and forward motion of the horizont^ rods ^ 

KALEIDOSCOPE (koXo;, beautiful. «Sor, form, and (Tjcoirew, to see ) A philosophical toy 
invented by Sir David Brewster It consists of a tube contaimng two plane reflecting surfaces 
along its whole length, inclined at an angle of about 6o° to each other , at one end is a small 
hole to look through, and at the other is a shallow glass cell containing fragments of coloured 
glass On looking through the tube towards the light, the figure m which the pieces of coloured 
glass happen to have fallen is appan ntly repeated five times, forming (with the original figiuu) a 
symmetrical pattern By turmng the tube round, the pieces of glass tumble into different 
patterns, forming in the mstmment a bteraUy endless variety of symmetrical combinations 

KAOLIN See Siheates of Alumina 

KATHIONS (Kariiiv, that which goes down), are substances which during electro 
chemical decompositions go to the taihade They are the opposites of Amons (which sec) and ire 
equivalent to those otherwise named bodies The kathions are the combustible 

bodies or bodies which correspond to hydrogen and the metals Thus water is decomposed into 
hydrogen and oxygen, of which hydiogen is given off at the kathode and m the kathion (See 
also Electrolyte and ElceArolyni ) 

KATHODE (sard, downwards, and ofiis, a way, the way which the sun sets) The 
surface at which the current, according to common phraseology, leaves the elcctrolj te or bodj 
undergoing electro-chemical decomposition Combustible bodies, metals, alkalis, and bases arc 
evolved there , it is oppacitc to Anode (which see) 

KAUS ATJSTKALIS (Arabic and Latin ) The star e of the constellation Sagittanns 

KEEPEB, OF MAGNET A incce of soft iron put m contact with the poles of a magnet 
while not in use, in order to preserve its inagnctism, la called a keeper In the case of a horse 
shoe magnet the keeper consists simply of a bar of very soft iron, large enough to stretch from 
one leg to the other When such magnets arc used for lifting purposes the keeper is furnnhcil 
with a hook to which a scale pan may bo attached Bar magnets are protected with keepers 
by placin'; two or more of them side by side, parallol and with their like poles turned in 
opposite directions , two soft iron pieces, one at each end, join the unlike poles of a pair of 
magnets or of a pur of bundles • 

KELNER’S EYE-PIECE A negative or Ilnyglicnian eye-pieco, having the eye-glass 
achromatic (See Negative Eye piece ) 

KEPLERIAN SYSTEM The Copemican System, (7 v ), left unexplained a number of 
peculiarities in the motions of the planets It may, indccil, be gravely ipiestioned whether the 
theory that the sun is the centre of the planetary motions would have gained acceptance arnong 
astronomers as it was presented by Copernicus There were objections to it which sci meil 
scarcely less serious than those he urged against the Ptolemaic system, the chief being that it 
required artificial contrivances to account for the planetary motions It was to such cnntri 
vances, ingenious combinations of circular and uniform motions around centres of motioi 
themselves travelling in eccentiic but circular paths around the sun, that Kejjler first tiimcil 
hia attention in endeavouring to establish tho Copcmican theory on a sound basis Taking the 
planet Mars as tho most convenient for his purpose, and employing a senes of observations 
of that planet (made by Tycho with great care, to establish a system opposeil to the Copenncan\ 
Kepler tned one arrangement aftci another, but foiled to account to his own satisfaction for the 
motions of the planet At length the idea occurred to him of trying elhptical orbits, traced out 
aocoidmg to different laws of motion After spending in all more than a score of years over 
these apparently hopeless and unprofitable researches, he at length lighted on the laws of orbital 
motion which constitute the two first of Kepler's Laws, (7 r ) He then tned to find a law associ- 
ating the penods and distances of the planets After selecting for companson the powers of the 
numbers expressmg these elements, it is somewhat romarkablo that he should have been stm 
unable to find the law he sought, since it may be saad to he upon the very surface of the rcla 
tiona he was considenng After some delay, however, he succeeded in detecting the third of 
the laws which bear hia name 

It should be noticed that the modem system of astronomy deserves far better to be called the 
Keplenan system than the Copemican The history of Kepler affords a stnkmg illustration 01 
the value of researcheB into numencal relatiouBwhen conducted thoughtfully and persevenngly 
It is not too much to say that but for Kepler, Newton would in all probabihty never have tumea 
his unequalled powers to the problems presented by the law of gravitation . 

KEPLER’S LAWS A term used by astronomers to denote certain laws defimng the 
motion of planetary bodies, and discovered by John Kepler, an astronomer, bom in Wirtembeig 
in 1571 Before tins tim%t^e system of Copernicus hod been estabhshed, so that Kepler ^ 
that the apparent motions ok the planets might be explained by supposuig them*^ move roiu^ 
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the sun , assuined that the paths were circles Ho also knew from ohservation the 

proportion of the distances of the planets from the sun, but not their actual di&tances He had 
a passion for discovenng analo^es and harmonies in, nature after the manner of the Fytho- 
(Mreans and Flatomsts. After immense lahcux and an infinity of trials he found out that all 
appearances could be accounted for and easily represented by supposing all the planets to move 
in ellipses, having different degrees of eUipticity and ates m diffurent directions, the sun 
being m the focus of each. Again, he discovered that if three positions of a planet separated by 
the sam^ interval of time, as, for instance, a day, be taken and lines be drawn from these posi- 
tions to the sun, then the areas of the two triangles formed will be equal Kepler also iwrked 
out the rule, that if we square the number of days in the time of each of the planets we obtain 
quantities which arc iii the same proportion as the numbers obtained by cubing their means 
distances from the sun lliese laws are usually stated thus — 

1 The planets describe ellipses, of which the sun ocrupios a focus 

2 The radius vector of each planet sweeps out eiiual aieis m equal times 

3. The semares of the period of complete revolution, 01 periodic times of any two planets are 
proportional to the cubes of their mean distances from the sun (Sec Cnitjol Forces ) 

KETONE See Acetone 

KILOGRAMMETllE The French unit used in tstnuatmg the mechanical work performed 
by a machine It reiiresents the work performed m railing a kilogramme through a metre of 
space, and corresponds to 7 233 foot-pounds (See Foot Pound ) 

kinematics (kiueio, to move ) A branch of pure mathematfes, which treats of the 
motion of a point without reference to the forces produemg the luotiou or the bodies moved 
(See Dynamics ) 

KINETICS Dynamics . Encrijy , Unit Kmctic 

KTiiCHHOFF’S THEOIIY OF THE LINES IN THE SOLAR SPECTRITM Ac- 
coidng to Kuchhoff the black lines of the spectrum are' caused by the passage of light tluougU 
the vapo’ira of bodies which, by themselves would give biigbt hues in the same position, when 
nemdescent , this theory is generally accepted. {Soo I'utunhofer's Lines, Ait^icuU, Meveisal 
0 Sodium Spectrum ) , 

KOCHAB (Arabic ) The star ^ of the constellation Ursa Minor 

KOPP’S LAW OF ATOMIC VOLUMES A law fiist enunciated by Kopp in 1842, ac- 
cordi ig to which hquids belonging to one homologous sciies, when compared with the corres- 
potiJin!' hq lids m other collateral homologous seiies, arc observed to have like differences in 
their atomic volumes , 

KOPP'S LAW OF BOILING POINTS A law firet pointed out by Kopp As the 
number of atoms of the group CHj increases man 01 game liquid theic is .a remarkable regularity 
ill the increase of temperature required to proiluce ebullition Thus, m the compounds of methyl 
and ctliyl eveiy mcrement of OHj raises the boiliug i>oint about 36” F (20'' C ) 

KORNEFOROS (Arabic ) The star /3 of the constellation Hercules. 

KYANOL See Andine 


LABORATORY {JUAoro, to labour ) A laboratory is a room or building m which re- 
searches in chemistry or natural philosophy are prosecuted, or m which those sciences are 
practically taught Old writers employ the term elahm atory, and it is obvious that this word 
passes by an easy phonetic change into our present word In an observatory systematic obsei- 
1 tttions are made of external objects or phenomena , N aturc is crainiiicd juccwely os she presents 
herself to us, and is not subjected to any of the operations of science In a laboratory, on the 
contrary, uoiLm connection with physical actions, and with matter, is added to obsei vation, with 
a view to the better elimination of error, and the accumulation of just result The agencies 
n hich produco the various phenomena of the Umverse, and the matter with which they associate 
themaeh es, are here submitted to numberless operations , the modes of action, together with 
Ike intensity and duration of the actions arc vaned , matter has abnormal conditions saperinduced 
upon it, and is simultaneouBly influenced by divers forces Endeavours arc here made to 
'''Tench asunder the molecules of some bodies, to approximate the molecules of others, to curb 
and restrain intense molecular forces, to augment those which are weak In fact, a labora- 
tory la a torture chamber in which matter is the victim, and the natural philosopher the sworn 
torturer , the fiery ordeal is a frequent usage, and the voltaic battery extorts confebsions with a 
^k-Lke vengeance “ Occulta Natures," says Francis Bacon ^who, by the way, was the last 
^^hsh judge to use the rack), “moyw «« produnt, per vemtumes artwm, quam cum cursu »m 
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Chemical laboratones are more common than physical laboratonea In the various European 
universities, and in many of the larger schools, both kinds of laboratoiy may he found with 
lecture rooms attached Perhaps the finest chemical laboratory in the world, is that recently 
erected in Berhn at a cost of more than ^47,000 In a similar mstitution at Bonn, there are 
forty-four rooms on the gpxiund floor, including, among others, a large lecture-theatre, a smaller 
lecture theatre, a chemical and mineralogical museum, a library, special laboratories for fiiuons 
and Ignitions, gas analysis, and volumetric analysis, and laboratories for students, and for private 
research A laboratory, to be complete, must be supplied with coal gas, and water, at vanous 
pressures, and in pipes of various sizes , with a supply ot sulphuretted hydrogen and of oxygen ^as 
with an extensive supply of reagents, and with apparatus necessary for research or study , that 
is, with the various appliances by which matter can be submitted to sundry chemical and i>hyMcaI 
actions It should be light, lofty, well ventilated, and provided with closed cupboards, m 
which substances which evolve noxious fumes can be heated and experimented with, and 
through which piiss strong currents of air escaping into the chimney A laboratory should have 
firm and deep foundations, and thiclc side walls, and it should not be subjected to extremes of 
temperature Copper should replace iron, as completely as possible, in all intemalfittmgs, such 
as nails for the flooring, hinges and bolts of doors, &c , m order that magnetic experiments may 
not be influenced by the presence of iron 

The laboratories of the Iloyal Institution arc the most notable in this country In the 
chemical laboratory Sir Humphry IJavy tortured the alkaline bases so successfully that tlicy 
declared then compoumi nature, and potassium and sodium became known to chemistiy , 
here too, Faraday discovered benzoic, and hquehed many of tho gases believed to be per 
moneiit In the physical laboratory worked Hr Thomas Young in his endeavours to proio 
the truth of the now accepted undulatory theory of light , Faraday elaborated his splendid 
senes of electneal researches , and 'J’yndall is extending our knowledge of radiant actions 
Natural science has now become so thoroughly a jiart of the school curriculum, that we arc not 
surprised to find laboratories at some of otu laigcr schools Eton, liogby, and Harrow possess 
very good laboratories King’s College, London, and tho University of Glasgow possess good 
physical laboratories, which arc far more rare m this country than chemical laboratoncs, but 
ora certainly on the increase Such of the Metropolitan hospitals as have medical schools 
attached to them, possess a chemical liboratoiy for students, that at St Bartholomew's is 
specially noticeable for its size and convenience 

LACERTA (The AiSrtjrf) One of the constellations formed by Hevchus There seems 
no valid reason why the group of stars formmg this constellation should have been abstracted 
from the constellation^Andromcda, to which they originally belonged It is easy to sec that 
the ancients recognised, in this well marked group of stars, the rock to which the hands of 
Andromeda were chained Lacerta is one of the names which will undoubtedly be remm ul 
from our maps if ever astronomy makes an effort to free charts from the complexities which 
now disfigure them 

LA*’Ti(J ACID An acid existing in sour milk, and also obtained by fermentation and 
otherwise It is a colourless syrupy lu^uid, inodorous and intensely acid Composition is 
CgllnO, It forms a well crystallised senes of salts with bases 
lJe VOGYRATE AND DEXTROGYRATE {Lavus, left , detUr, nght ; gyro, to turn ) 
See Rv/ht Jianded and Left handed PolansaUon 
LriSVOTARTARIC ACID See Taitanc Acid 
LASVUI.OSE See Swjai 

LAMP, DOBEREINER'S In Doberemcr’s lamp, whose object is the production of an 
instantaneous flame, advantage la taken of the power which spongy platinum, that is, platiniun 
m a very finely divided condition, has of condensing gases at its surface, and thus producing an 
intense heat Spongy platmum may be obtaineil by heating very strongly the double chlondc 
of platinum and ammonium (Pt Cl^zH^NUl), whereby a mass of black powder, which is metallic 
platmnin, is left, the remainder being volatilised, and the property referred to is this, that if a 
jet of hydrogen, mixed with oxygen, be allowed to fall upon a small pellet of the powder, tho 
gases are condensed at its surface rapidly, so os to give rise to heat so great that the bydiogen 
takes fire 

The following is the construction of Doberemer's lamp A glass vessel 5 or 6 inches high, h 
three-quarters filled with dilute sulphuric acid , and a second vessel, shaped like a diiang bell 
dips, mouth downward, two or more inches below the surface of tho liquid Within the diving 
bell is suspended a lump of zinc, by means of which and the sulphuric acid, hydrogen is pro- 
duced, and the gas as it is generated forces the liquid downwards by its pressure so that when 
the bell is full, tho actio^ of the acid on the zinc ceases But if the gas be drawn off the 
again nscs, comes m contact with the zme and sets up fresh action. At the top of the bell 
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there is a small tube with a stop-cock, and when the cock is opened, the gas issues from the 
tube it IS axTonged to fall upon a mass of spongy platinum at a short distance from the nozzle 
of the tube, and this, as we have explained, becomes heated and sets fire to the gas Thus a 
flame is always obtamable at will 

lamp, electric An apparatus m which the intensely brilliant light obtained from 
the voltaic arc is made use of as an illuminator It is much used for the display of optical 
experiments, for lecture illustration, and for such purposes, and has also, to some extent, been 
employed with success for the illumination of lighthouses In the latter case, the cm rent of 
electricity necessaiy is obtained from a magneto electric machine worked by a steam-engino , 
and it appears that the expense of fuel necessary is not greater than that of the oil which 
would otherwise be burned, while the light is much greater and better. As is explained (see 
Iivj/it, Electric), when a current is caused to pass between two points of carbon, separated by a 
small interval, an extremely bnlhant, pure, white light is obtained, owing to the heat produced 
at the carbon points. The tips of the carbon attain .an intense wlnto heat, and, at the same 
time, smaU incandescent particles arc earned bodily between the poles, part of winch are burned, 
and tlie rest transported from one polo to the other While it is going on theie is, owing to the 
burning of the particles, a constant wasting of the eaibons , and when the mterval between the 
points becomes so great that the current can no longer pass, the light, of course, ceases altogether, 
and is nut renewed till the points are again brouglit in contact, and then i-epar.ated onco more 
The object m the electnc lamp is to make a self .acting arrangement, which shall always keep 
the points at such a distance as to gi\ e the greatest biiglitness, and stilVnot allow them to got 
so far apart by burning away that the cm rent ceases to pass This is by no means an easy 
matter, for the greater part of the wasting away takes place in the carbon attached to the 
IxiMl'ic pole of the battery , and their wasting depends, to a certain extent, on the goodness 
01 hat. ness of the carbon Hence the electric light is vciy frequently unsteady , aiM even if it 
he ->Uady, it is difhoult to keep the bright point m the same position, with icgacd to lenses or 
other oj'tical apparatus that may be in use 

The best method of maintaining a constant bglit is perhaps that of Duboscq, in winch the 
rbnn points are constantly moved newer to each other by means of clockwork The positive 
< irlion proi eeds at double the rate of the negative caibon, by me ms of a rack movement with 
untqi'al wheels The points arc thus constantly urged forwaid, and would touch earh other 
Hero It not for the following arrangement — T'ho current, on jiassing between the points, enters 
i con, m the core of which is a soft iron bar, which thus becomes a temporary m.ignct It 
atiacts a keeper , and to the keeper is attached a pin, which locks into a ratchet wheel, and 
‘I J 1 J>- the clockwork The points arc then stationary as long as the current is passing , but as 
SI ua IS the distance between the points becomes so gieat that tho current can no longer pass, 
th. iron ceases to be a magnet , tho keejier is let off, and the clo< kwork, .igain thrown into 
iition, the Points then move up a short (libt.ancc Again the current passes, the keeper is at- 
tr.ieted, and the clockwoik locked , and these actions occur so rajudly in a good apparatus, and 
uithagood battery, that the light is kept sensibly uniform The light is generally placed 
vnthiii a lantern, furnished with lenses and openings of diifercnt forms suitable for optical ex- 
peniroiits 

Lamp, MONOCHROMATIC See Jl^onocA^omc^^7e Zanip 

LAMP, SAFETY A lamp devised by Sir Humphry Davy, as a result of a long series 
of investigations into the nature and communication of 11 vine, which will bum and give light m 
the' explosive atmosphero of a coal mine, without setting fire to the explosive g.if( surrounding 
't Sir H Davy’s researches Lad shown him that tho il ime of an exjilosive mixture of gas and 
au would not pass through long narrow tubes Upon dimiiiu-liing the length, and increasing 
the number of the tubes, the flame still refused to pass, until ho ultimately found that wire 
pauze w as sufficient to prevent the explosion communicating from one side to the other He 
tliercforo surrounded an oil lamp with fine wue gauze, and found that sufficient fight came 
tluoiigh the gauze to enable tho miner to work by, whilst the flame was unable to commuiiicate 
•.giitiou to the explosive file damp in which it might happen to be unmersctl m the gallcrieB of 
a^'alnune Many improvements in detail have since been made, but tho principle of tho 
‘afety-lamp now m use is the same as that of the ono first made by Davy 
Lamp, VOLTA’S electric An instrument in which a jet of hydrogen ls kindled by 
spark It consists of two parts— one, an apparatus for geneiating hydiogon from 
^•pbunc acid and zme, m which an arrangement is made for rt moving the acid from contact 
of iT ***’*^’ pressure of the hydrogen itself, as the gas is generated Thus, a reservoir 

zk u 18 filled, and then the action ceases To the rcscryoir is attached a stopcock, by 
oieh the hydrogen can be allowed to jet out, and the handle which turns tho stopcock lifts, at 
c name time, by means of a wire, the top plate of an electrophorus. A spark is brought 
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by tlu3 wire to pass in front of the hydrogen, which has begun to issue, and which is tliua 
Ignited 

LAMINABILITY {Lamina, a thin plate ) See Malleability 
LANE’S DISCHARGER, (ELECl^IC) See Di-icltatger, Universal 
LANTHANUM {\av 6 aveiv, to lie hid ) A metallic element ocourrmg with ccnum and 
didymium, and deriving its name from its havmg been hidden m oxide of cenum, wliu,li was 
onginallj supposed to be the oxide of a single metal It was discovered by Mosander m iS'o 
and in 1841 he showed that his lanthanum of 1839 coiitamcd another metal, which he calfed 
didymium (or the twin) The separation of oxides of lanthanum and didyuuum is excLochn-rly 
difficult The atomic weight of lanthanum is 92, and its sjrmbol La When puie, its saKs 
are quite coloiulcas, but a trace of didymium imparts a rose tinge to them Metalhc lanthanum 
is a soft malleable white metal tolerably permanent in the air, it forms a. protoxide (LaU) uIulIi 
uniting with acids, forms colourless crysUllisable salts, which arc, for the most part, soluble in 
water Lanthanum also unites with chlonne and the elements of that group 
LAPIS INEERNALTS Ucc Ndi ates , Niltale of Sdier 
LARMES TIATAVIQUES Beo Piince liuperl's Diops 

LATHE A machine for turning wood, ivoiy, or metals It consists of two parallel shafts 
the lower one of which forma the axle of a large wheel, and is bent at one point into a ciaiik' 
BO as to be turned by i treadle , the upper one forms the axis of a small wheel termed a mnin/i d 
A cold passes round the laigc wheel or mandrel, so that the rotation of the former prodii cs a 
rapid motion in the latt*- The end of the mandrel spindle has a bcrew for holding the matt ml 
to be turned Ueforc the screw is a platfoim or rest on which the cutting toed is placed The 
maudicl is usually compound, being ftuincd of tlu-co or more grooved wheels of different si/ts 
One revolution of the Ivrgc wheel will pioduce as many icvolutions of the small wheel is the 
cnciirafcrcAie of the former contains that of the latter, or as the diameter of the first cmituns 
the diameter of the second, hcuco when a veiy lapid motion is required the smallest wheel of 
the mandrel is used When the treadle 1 < woikcd tho tool which is pressed against the body, 
and held firmly on the rest, outs out a eiiilo, and by v wying the position of the tool, tho m iti- 
i' al IS reduced to the rcquiicd shape The lathe is a very anctent instrument Dioihuus 
" liculus mentions it as an invention of Talus , Plmy asciibes it to Theodonis of Samoa, and nu u 
tions one Thericles as havmg rendered hunsclf famous by his dexterity m managing tho 
lathe 


LATENT HEAT (Latco, to lie hid ) AVhen substances pass from the solid to the Injuid 
condition, and from tjie liquid to the gaseous condition, they absorb beat A liqniil is i miIhI 
pltth heat , a gas is a liquid plus heat 'J'hc heat thus absorbeil does not appear as sensible la it, 
but IS consumed m confcinng potential energy upon the molciules It thus ceases to cxi't is 
heat, and by the older svriteis it was consuloicd to be hidden in the substance to wLich iL i\ is 
cumin uiiieatcd, and hence recciied the UAvaK ol hilcnt liuit Latent heat was discuvercil by 


Dr Ulack, of Edinbui^h, in 1760 , the teiin is still generally retained in science, although the 
Bigmhcaiice of it, as Black understood it, has passed away 

If wc take a block of icc possessing a tcnqxirature of, say — 20° C , insert within it a ther 
mometer, and then communicate heat to tho ice, wc shall observe that the temperatuic will nso 
to o” C , which is the melting point of ice, and will rein un stationary until tho last particle of 
ice has been melted Ice at o" (J becomes converted into water at 0“ C , and the whole of the 
coinmiimcated heat has been absorbed in changing the condition of the substance I’hi-- is 
called the latint heat of hqiitfuLtioii , and w vtcr it o” C may be described as ice at 0° E /-'us 
the latent heat of liquefaction This heat has been consumed in overcoming the attraction of 
the molecules of ice, and in causing them to assume difierent relative positions In oidci m 
liquefy ice an amount of heat is ier[iiisitc sufficient to raise an equal weight of vvatci thiou,ii 
7925*0 (or 14265*1’) or otherwise cvpieisinl to raise 7525 times that weight of w lUr 
througli 1*0 This is the Latent heat of water, and it has been variously estimated , icconbng 
to Lavoisier and Laplace, it is 135'’!' , Hr Blick estimated it at 140° F , Cavtmb^h at 
150° F , and De la Pievostayc and Desams at 142 65° F , it may be safely takbn as between 
142* and 143° F If a pound of ice cold water (32“ F ) is mixed with a pound of boilm,' 

(212* F ) the temperatu e of the resulting mixture will be 122* F , which is the mean of tm 
two temperatures F = 122° F ) But if, on the other hand, a pound of ice at 3 - 

IS mixed with a pound of boilmg lyater, the temperature of the resulting mixture wid be 5 * 
but the ice will be melted In Sle jno instance we have two pounds of water at 122° t 
other two pounds xif water at'S!" ^ Now 122* — 5i = 7 i°F, hence the absolute^ 
in the amount of heat is that competent to raise two pounds of water through 71° F or on^ 
pound through 142“ F^and this has been consumed m liquefying Ijlje pound of ice 
peruneut Oiay be modified by pkemg a pound of ice at 32* F. in a pound of waf^ at 174 ^3 ’> 
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^vhcn tlie ice will be melted, and the temperaturo of the rcsidting mixture will bu 32° P 
U lack first endoaa oured to determine the latent In it of iiatii, by jilacim; nc at 32' P and 
IV iter at 32" P lu an atmosphere of the same teniiiciatiirc, and noticing tlio gun of hi at by 
eiili The water and ice woio placed in prcciicly t^nnlai vc'sscls, suspcnd„cl in a mom the 
tLinperatme of which was 64° P , in half an hom the water had gamed 7 2“ P , while the lee 
had not melted, and it did not attain tlie same teiiipciatino before the lapse of 10^ liours, 
, [though the g.un of heat by each vessel must obviously have been the same tliionghoiit 
Hence tlip ice had retpnred lO S x 2 = 21 tunes as much In at to milt it and laise it to 7 2' P , 
aa w is nccesbary to raise the same weight of icc cold wati 1 to 7 2“ P , and the total qi ranlity of 
huat inipaited to the ice wis tlieiefoic 21 x 7 2 — 151 2 °, 7 2° of which had been employed in 
i ii-.ni" the tempciatnrc, and 144“ 111 fusing the ice 
The litent heat of liquefaction laries with the niture of the substance , all solids whuh can 
1)0 hijuehed by heat liehave like lee , thus if lead w heated the temper itiiru of the ina-.s wi'l 
ii«e iiittil it attains 594“ P , when the le id will comnieiiee to fust-, iml the teniiicrature will 
lemain constant until every jiartiele is fused The hiliut taut of Ju^ioii is an evpiission honic- 
tiiiies Used to denote the heat thus absoilied, simplj bet nise liqinjiutioii is ginti.illy a]ij)]ud to 
snlnU which oidiiiaiily ovist 111 the Inpiid fuini, iiid Jutton to solids which usually e\ist m the 
bdiil form, and reqniic a greater 01 less clev ttion of teiiijs i.itiuo hefoie they eh inge then con- 
ilitiou M Perflon has deterimncJ the latent licit of fusion of the suhst iiieis eontiinied 111 the 
f illoMing table, given Ly Lardner The unit « xjnessing tlie I itent he it is the amount of heat 
Lomiietent to raise the bainc weight of watei from 32' to 3^’ P 
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Let Uj nest consider the ia/riif o/in;w/Hrt/eo« Wlnnwilcris heited it uses in lein- 
I’n ill re until it attuns the boiling point [loo (' 01 212 !>’ ) On lontiiming to lie it it there is 
li j 1 n tiler rise of temperature, hut the watei is i onveiteil into w ati 1 gas A steam 'ITie heat, 
uL'ili Is ahsoihid, is eiitiiely eonsuiued 111 sepaiating tin moli'iiiles of water agniisl thi ir own 
atti letion, an 1 thupressuie of the huiicmieunibent atniospheie T’li lu at thus absoibid is calleal 
till lit u tica'- of vaiioiis ilioii, and st< in* at 100 (.' ni ly be deseiiladas Wiitei at lou (' /dus 
tile 1 Itent heat of vapoiisatioii In ordei to conveit a given wi ight of wati i at 100 ' (1 into 
deaiii at 100' CJ an amount of heat is leipii'itt siiiliiunt to 1 use an iquil weight of wati i 
tliruu.di 537 2“ C (or 967’ P ), or 5372 tunes tint weight of w.iUi tliiougli i' C This is 
i.illed the latent heat of steam Any given w^eight of watei cMsljng is steam at lOo' Cl , thcrc- 
fiiiL, eontams as much latent heat as W'oiild laise 5 37 limes its own wught of w.itei fioin the 
fiee/iiig to the boiling point This may be louglily shoi.n by the following means Siii)j»osc 
"e Lave a vcesel containing water at o’ CJ , and that we licit it h^ some [lerhetly umConii 
s Airec I f heat, and note the time at which the w iter eommeiii es to boil, iiul tin flint at which 
ft 1 ", eiitirely convorted into steam, it will now be fountl lint if the time neeessiry to raise the 
"attr fiom the freezing to the hoilmg point be repieseiitcd by i , llu lime necessary to cunvert 
't from water at loo” C' mto eteam at 100 “ C will be 5 3 tunes aa gie it 
Ivow, the heat which is lendeicd latent by liiiucfaetioii leappeais again on solidification , and 
Jae heat which was rendered latent by vaporisation rcappeais again on hqiiefaelioii Heat must 
/’^fftratted from watei before it becomes ice, and fiom ste im bcfoie it can become water 
J ae heat whieh is given out on solidification may be made veiy apjiaicut by satin alcd solutions 
w salts If wc supersaturate water with sulphate of soda, and allow the solution to cool in a 
i-fifectly still place and in a closed vessed, the solid is not doiiosited , hut on agititmg tho 
s-^el, or introducing a crystal of the sulphate, snlidification at once eommeiices, and the latent 
‘'fit, absoibod during the hqucfaction of the solid sulphate, is given out, and is f|uite per- 
•■ptible to the touch Ily using saturated solutions of acetate of soda, Mr Tomlinson has 
'"tiT * temperature of no less than 67 ° P on the sohdification of tho substance 

arn ™®chanical value of latent heat is very considerable Tyndall has calculated the actual 
^moimt of worli^ represented by the changes which water undergoes — hirst, when 8 lbs of 
*> 6 ca combm* with i lb. of hydrogen, to foim 9 lbs of steam , secondly, when the 9 lbs. of 
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steam give up their latent heat and become 9 lbs of water , thirdly, when the 9 lbs of via+cr 
give up their latent heat and become 9 lbs of ice The first he reckons as mcchanital 11 iir]j 
equal to the raising of 47,000,000 pounds one foot high , the rest we \nll give in his own nords 
— “After combination, the substance is in a state of vajiour, which sinks to 100° C , and after 
wards condenses to water In the first instance, the atoms fall together to form the compeuiiil 
in the next instant the molecules of tho compound fall together to form a liquid 'Ihe 
mechanical value of this act is also easily t ilcnlatcd 9 lbs of stt am, m falling to watci "tne- 
rate an amount of heat siifhcient to raise $37 2 x 9 = 4,835 lbs of water 1° C , or 967 x 9 = j{, 
lbs l“ F Multiplying the foimei number by 1390, or the latter by 772, we have, in rouiiil 
numbers, a product of 6,720,000 foot pounds, as the mechanical value of tho mere act of con 
densatinn The next great fall is fiom the state of liquid to that of ice, and the mccli uikiI 
value of this act is equal to 993,564 pounds Thus our 9 pounds of water, at its on gin ami 
during its progress, f ills down three great precipices the first fall is equivalent in ciui,f\ 
tho descent of a ton weight down a precipice 22,320 feet high , the second fill is equ il to tli it 
of A ton down a pieeipico 2,900 fe( t high , and the third is equal to the fall of a ton ilo-i u 1 
precipice 433 feet high I have seen the wild stone avalanches of the Alps, which smoke and 
thunder down the declivities with a vehemence almost sulhcient to stun fie observer I h iv,> 
also seen snow-fl ikes descending so softly as not to hurt tho fragile spangles of wliuli thr\ wi n 
composed, yet to produce, from aqueous vapour, a quantity, winch a child could t.nry of tliat 
tender material, demands an exertion of cmigy eotn]ictctit to gather iqj tho shatti red bloikx i<E 
the largest stono avalinehel have over seen and pitch them to twice the height fiom winch 
they fell " — Heat, a Mode of Motion (See also HjieciJic Heat, Intel nal Woi I of a Mai,a of Matter ) 
LATERAL yilOUK A name given to an effect of electrostatic induction, whcichy 1 shoe'e 
IS experienced by a person standing near where a iiowerfully charged batteiy of Leyden jirs is 
dischaiged 


LATITUDE (Latitvdo, breadth ) In astronomy tho term latitude is used in two different 
senses Tho latitude of a at ir or pi met is its distance from the ecliptic, measured on the arc 
of a great circle passing through tho poles of that circle lint tho most import uit use of the 
term latitude in astronomy is tint wliicli has reference to teirestirial or gcographie il latitmlc, 
the observations for detcriiiiiiiiig tlic latitude of a place' on tho earth’s surface cntoimg laigcly 
into the work of the astronomer The terrestn il latitude of a station is tho distance of a j)l ice 
from the equator, measured by tlio angle winch the horizon plane of the place makes with the 
earth's axis, or (which is the sanio thing) by the real elevation of that polo of the heavens which 
18 visible at the place 

I'hc latitude of a^dace is determined in several ways by the astronomer 
First, by observing the elevation of the pole star, corrected for the effects due to the motion 
of tins star around the real pole of the heavens 

Again, the latitude of a place may be determined by observing the elevation of any known 
star when on the meridian , for we have only to add the observed meridional elevation to tla 
north polar distance of the star (which is known), and to deduct the sum fiom i 8 o\ m wbr 
to learn the elevation of tho pole, — that is, the latitudo 

Thirdly, the latitude may be deteimined by observing the meridional altitude of cudimpohr 
stars above and below the pole, the mean of these altitudes being obviously the altitude of 
the pole, — that is, the latitude 

Fomthly, an extra mendionil observation of a star’s altitude at a known hour giv® ® 
means of detenmnuig tlie latitude, bcciusc, knownng (i) the polar distance of the stir, in'- 
zenith distance at tho time, and (3) the hour angle, sphenc^ trigrmometry shows us Lo'v i ' 
deteimmo the remaining elements of the spherical triangle having the star, the zenith, and the 
pole of the heavens at its angular points One of these elements is the zenith-distance of the 
pole, or the co latitude 

Fifthly, the latitude can be determined by observations of a star’s altitude when on the priire 
vertical, the results being more exact if tbc observation is made with a carefully oriented port 
able transit instrument, the star being observed both during its eastern and westem pa=s Vo'- ^ 
of the pnme vertical , 

Another method, called Sumner’s, depends on altitude observations made at intervals 01 
hour or two 

In all these methods, each observation must bo carefully corrected for ntmospheiio 
fraction, &c * , ,.,,3 

Lastly, the latitude of a station may be found by observmg the meridian altitude or rri 
at the time of the winter or suramei solstice, and adding 01 subtracting the tto 

ediptic to obtain the spin’s meriduui altitude at an equinox. This altitude is clearly equal t 
co-latitude of the place. » 



LAT 


823 


LAW 


LATERAL PRBSSURR OF LIQUIDS It i") clear that, since liquids tnnsniit 2ircsHuro 
equally in all directions (sec Piet^ute throvffh Ltqmih), if we examine tlio jiTossiiro on a very 
small unit of surface at the edge of the base of a vessel containing liquid, and that on the ncigh- 
bounng unit of surface on the side, these prossuics must ho equal, and each cqiiil to th< i, tight 
of the column of liquid, having for base the unit of sui face, and for height the depth of the 
liquid If we draw an imaginary jjlanc through the liquid, horizontally, at any <ki lli, it is 
manifest that the Iwiuid beneath tins plane acts towaidsthe liquid above it procisi ly hl:c a iigid. 
bottom receiving ^iressure from above, and resisting that pressure by diut of the su^qioitit 
lecLives fioin below Accordingly, every unit of suiface of Buch a pl.inc, and, thcicftirc, one at 
the edge IS pressed by a column of liquid reaching fioin the })lane to the upper snrfvce, so, 
ilso, IS the neighbouring unit of surface on the vesstl s side Siiico the weight of suth CDliiinns 
vai} directly with their height, it follows that the iircssnrc on a unit of surface of the side of a 
vtsM'l vanes with the depth of that unit fiom the surface , such ptessure being notliiiig at the 
sniftice , the weight of a column eiiual to the vessel’s tk^ith, at the bottom , half this half way 
down, ind so on Dykes and embankiuciits which have to resist the piessurc of masses of 
deep water liave accordingly to be made thickci towirds the bottom 
LAW OF EXCHANOES Exthanrje% Law oj a.m\ Siniti mn Annltj^is 
LAWS OF FllIGTION l When the materials composing the hurfacca in contact remain 
the same, tho fnction la proportional to the presMitc 2 L'lii tiou is mdciicndcnt of the extent 
of the surfaces in contact 3 When tlie body is in motion, the friction is iiidoxiendciit of tho 
velocity (See Friction ) 

LAWS OF MOTION Tbreo mechanical maxims which were embodied by Newton in. 
three fonnulaiaca, and termed by him the Jjaws of Alotion 'I'hcy liavi attuned gicat cch biity 
in tho history of mechanical science, and although they have lost much of their inqxii L mci in 
ci'iisiquencc of the moie general diffusion of the principles of the inductive sen iiees, >et they 
!ui entitled to notice, together with illustrations of the kind of evidence on which their truth 
ikjieiuls 

Law I Ihery hody continues tn its state of test, or of uniform ipeed in a straiyht line, except 
1 10 fat as it may be compelled by tmpiesscd Jonet to ehanqi that itate 

If a sto'io bo projected afong a level road, the speed with which it leaves tho hand will not 
ho Tnaintained, but will bo giadiially dimimshed, until finally the btono will stop m its course* 
If, lustevd of the roail, the frozen surface of a lake lie chosen, the s.aiiio stone thiowii with the 
Hail e toieo xvill travel much farther on the ice than on the 10 id And if, instrad of tho 
an ,Llar stone, we roll a smooth ball of ivory on the leo, the distaucu traversed will bo gieater 
!i I It is evident, therefore, that the stone is gradually stopped J>y the resistances it 
I iiLoiinters Similarly, whenevei a body ceases to iiiuvo, it does so because its motion is 
dtstroyed by the resistances it meets with The more we diniiiiibh these resistniiees, the longer 
and th farther will tho body move , and, consisjiieutly, if we imagine that tlley are all suji- 
Jjrisseil, we shall be led to the conclusion that the body under tliise cireiim'-t.iiiei.s would con- 
tinue to move for an mdchnitc length of time , 111 other words, that a body cannot of itself 
alter its sjiced, nor can it change the (hrection of its motion If 110 obstacle bo (iieuunteicd in 
Its eimise, the ivory ball thrown on the icc will turn neither to the right nor the left It is 
tniD that a stone thrown into the air returns to the ground, but this is because its weight tends 
constantlv to bung it to tho eaith Conceive the weiglit and the resi‘-t Mice of the air icmoved, 
and the stone will continue to move in a straight hue with uniform speed 
'Ihus it is evident that when a body is not asted upon by any extiiiial agent, if it bo at rest 
it will remain so, and if it be in motion it will continue to move ui tho same atiaight lino with, 
uniform speed 

Law 11 Change of motion is propoitional to the impressed force, and taLcs place in the direc- 
tion of 'he straight line in which the Joi ce aits 

^Vlicii a person is on board a boat which is moving uniformly along a stream, any movement 
ho makes produces exactly the same effect ,is if tho boat w'cre at rest When a stone is let fall 
from i point on land it falls in the direction of the vertical, and when a stone ih let fall from 
the mast of a ship in motion, it reaches the deck at the point vertically below the starting 
point Now the stone falls from the mast to the deck m the hamo time whether tho ves'-el be 
>it lest or m motion , agam, if the vessel passes horizontally through any distance, three feet 
wifVOie, during the fall the stone also passes through thice feet hon/ontally — that is, through 
tile saiiitj space as it would have passed Ihrough had it icmained at tho top of the mast We 
Conclude, therefore, that the horizontal motion duo to the velocity of tlie vessel, and the vortical 
Jootion due to the attraction of the earth, have each tlicir iuU effect in then own direeliim — 
hat is to say, m the resultant motion the stone la duiilaccu horuontolly m a certain tune, 
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e'^actly as if its vertical motion did not exist, and it is displaced vertically m the same tune as 
if its hon/oiital motion did not exist 

On the First and the Second Laws the theory of the motion of the heavenly bodies is based 
and the umform a<,Teement of the deductions from these laws and observations in astrononiv 
18 one of the strongest confirmations of their truth ^ 

Law III To ciery ailioii there is alicaifs an contrary reactiov, or the mvtval 

actions of any tno hodits are alnuyi er/nal ami opposiU/y diiectcd in the same stiavjlit line 

When the pressure of one bod> produces the motion of another, the first la pressed hack by 
the second xvith en eqii d foicc When the hand presses the table, the hand is pressed hj the 
table with an ccpiil force in the o2)]josite direction When a force drives a ball from a cannen 
an equal foicc acts on the cannon in tlie opposite direction 

The law last enunciated is Newton’s Third Law , it is usual now to give as the Third Laiv 
the following iirmcijile wliicli is an extension of the Second Law — When 2>ressii}i, ptoduas 
motion, the acedciation laius dueitly as the picssuie, and tmersdy as the mass moicd 
Mass, and Attiiood's Machine ) 

LEAD A metallic element, atomic weight 207, symbol Pb , from its Latin name Pin n 
hum, Tt w IS known to the ancients, and veiy larely occurs native , it is of a hhiish gray cobvir 
very soft and scctile, and easily rolled out , its tenacity is very slight , rubbed upon iiaiitr it 
leaves a streak A freshly cut surface is veiy brilliant, but it rapidly tarmslies Leul 
crystallises in octahedrons , its siiccihc giavity m the pure state is 1 1 44 , it melts at ihout 
325° C (617“ ]<’ ), and volatilises at a icd heat , when melted it rapidly oxidises, the oxide forming a 
yellow powdery coating , at a higher tennierature the oxide melts and pnitccts the inetallio snr 
face from further action Lead is easily reduced to tlio metallic state by heating its oxygi n 
comjioiinds with a reducing agent, such as carbon The on s of lead may ho divided into oxiiLim tl 
oies and the sul^ihide , fioiii the* latter, or (lakna, most of the lead of commerce is obtained Tlie 
oxidised ores are the carbonade of had or cci usitc, winch occurs in white fibioiis crystals, th>> 
sulphate of lead or Arnjlisitc which also occurs m crj'stals, the phosphate of lead or pyromoi phile, 
which fncpicntly ocems massive, aud the auciiiatc 0} laid These ores aie mixed with coal oi* 
coke and a suitable substance to form a flux with the ganguc, and the whole is then heitid 
either in reverberatory or cupolvfiiniaees, -when reduction speedily takes place, andthcmcltedniet d 
runs from the tap-hole Galena is 1 educed by loasting the 010 in a rcverbciatory fumaci until 
It becomes xtartially cum ei ted into oxide or milxihate The admission of air is then stopjied, and 
the iiaiti illy roasted 01 e is luatrd more stiongly, when the absorbed oxygen icacts iqiim the 
remaining snljjhur and forms snljihnrons leid, the 1« ad tlovving off in the met ilhe st ite In tins 
state the le id is not |♦^ue, but leqiines rehruiig Amongst the otlier metals iirescnt, the ni st 
imiiortaiit IS silver, wliicli, owing to its great eoimiiorcial value, is always separated as coin2>let-'y 
as iios^iblc, by i jinicess known as Pattinson's process, nr the desilveiisation jiroeoss 

PattiiiHon’s desilvcnsation pioctss dcjicnda upon the very sinipilo fact that lead containing 
Bilvci sohdihes after melting at a lower tenii»er.itiiie than jnire lead, aud that when the unit' d 
lead cools, the portions wdiieli Kohdify first contain moic silver than the portion which itiii iius 
liquid The o))eratioii is eaiiu d on somewhat m the follovviiig manner A row of ibout bn 
large iron e luldroiis, each capable of liokliiig sevtial tons of lead, is arrangc'cl with fiirniiLS 
beneath One near tho mulcllc is iilb <l with nicltcil h'ail, w Inch is then allowed to cool grodu diji , 
being constantly stirred with a iieifor.itcd ladle* , the crystals which first eeparato aic 1 idled w t 
and tiaiisfcrrccl to the next iiot, on tin light, vvluKt the jioition which lemains liquid loiigi st i-. 
traiisfcrred to the iiot on the left , m this manner a rough seji ir ition of the lead is olicetcd mt') 
a richer and a poorer jiortion Viesh lead is then added to the centre pot, and the oiai itimi i* 
repeated , as the jiaiis on the right and left get hik'd other workmen arc occupied m tho t uac' 
manner with them, ladling out the ,ugentiferous erystils to the right, and the poor liquid kid 
to the left la this manner all the iians get hlleil, and w 01 kmeii being in fi out of each there 
13 a constant ciiciilation of argentiferous le.wl to the light, and of poor lead to the left, the ciil 
pan to the right ultimately getting all the silver, and the end pan to the left getting the de 
Bilveriaed lead In this manner, a lead which chd not origin illy contain more than a fciv^oiinccs 
of silver to the ton becomes enriched iqi to 2CX) 01 3CX3 ounces to the ton 
rated from this rich leal by the process of cupellation (which sec) 

Oxides of Laid The iniiicipal oxides of lewl are the following — 


low or rcilitisn ciystailino, scaiy mass, oi Hx>eciiic gravity y j, meivmganaicu neat, le a u—-- - 
liquid , it dissolves in acids forming salts, which are usually very crystalline , for a (lestnptio“ 
of tho most important* sec the respective ncicle Protoxide of lead is soluble tp a v eiy sut' 
extent in pure water, but its solubility is dumnished by the presence of salts, suchias sulphatca. 
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wliose acids form an insoluble compound with oxide of lead Caustic alkabes also dissolve it 
A hydrated oxide of lead may be piepared by precipitation 
lied Oxide of Lead (PbjOd, kiioivu also as ad lead or mtmiim, is a scarlet crystalline powder 
of opecific gravity from 8 6 to 9 , it is cxttiisiioly used as a pigment, and in the ni imif^vtturo of 
flmt glass It acts as a powerful oxidising agent, being reduced by many reducing age its to 
the state of protoxide This oxide dots not foim salts 

PiToxide of Lead (rb03), is a puce hrown powder very easily decomposed by bodies capable 
of iimLiiig with oxygen Some oigauic subbtanccs, indeed, take fire when added to it It 
forms ciystalbne compounds with bases, and is on this account homctinies called plumbic acid 
C/i/oi ide of Lead (PbCK), a white crystalline body foiintd when a bohible chloiidc is mixed 
nith a soluble pioto salt of lead It dissolves in 135 parts of cold ivatcr , it is more soluble m 
lot, and cryst illises in long needles on cooling It melts below a led heat 
fiEANING-TOWERS The pi rm.anency of leaning towers, of avliith those at Pisa and 
Ilologna are the most celebrated, depends on the fact that notuitlistandiiig then coiibidi,rahlo 
deii.ition fiom the vcitieal, the veitical thioiigh the ^intie of gravity still falls within tho 
base (See Centre of Giant}/ , Eqviliht urn) Tho towei of llohi^n i is 134 feet high, and a 
]>lninb-line suspended from the top, fioin the side on which the luiliiiatioii exists would touch 
tile earth at 9 feet 2 inches from the base , 111 the ease of the tower of I’isa 315 feet high, tho 
plninb line would touch the ground at 12 fee t 4 me lies from the boso 
LEAP YEAH The name given in Knglmd to evciy jearmwliuh tin re ire 366 days 
(SeC Btssextile ) The derivation of tbeteim has been disputed , but theie scans liU'e reason 
to do’'bt that such a yeai is called Icaji yeai because all d itcs for one jc « aftci hVbina’y 29th. 

{ dl wot as usual on the day of the week next following that 011 wlneh they had f dlew lu the 
] rc< ding year, but on the next day but one 

IjUIPl'lNEKOST S EXPEEIMENT It was observed by Leidenfiost that, if i dinp of 
watei IS placed on a red-hot suiface, it assumes tin form of a more or less flittcncd spheioid, 
nJ e\ iporates without ebullition The spheioid in this londitnm docs not touch the metallic 
orface, but it floats on a layer of its own vapoiii, and iiajiorates ri2)id]y from its exposed sur- 
iLC it IS heated mainly 6y ladiation from the hot suifaie, because cunduetion is imiiossiblo, 
since the spheioid is not in contact with the hot surface, mil tho layu of intervening vapour 

< omlncts lioat very feebly The absorbed heat is almost entirily reijmivd for the r.ipnl 0Vi.po- 
rd oa winch takes iilaee from the lu(iud Tins is knoivn is ciu/rOtaUon in the 't/duioidal (on- 
di'iar Ihero are numerous oxamjiles of tins action Tf a small iiietalUe ball bo heated to 

h t‘nesi, and placed on the suif lee of water, it floats foi v fi w seeowds^ntil the leui]>ciatui& 
111' been lowered to such an extent that tlu ivatii comes m contact with it, when it instantly 

< ii Is down ind sinks Again, ui Imnung iron in eixjgeu g vs, it may often liu noticed that tlic 
v.J Ui 1 jc globules of oxide fall through a layei of one or two inehes of water, retaining meau- 
wliile thi ir high tem^ieraturc, which is [iioved by the fat t tli it tliey bomctniicH fuse themselves 
nito the oai theriware dish on which tlio jar of oxygt 11 stands A le.uly mode of hliowmg the 
biihiuiulal condition IS to heat a platinum dish to redness, and then introduce a little water, 
tlu 1 liter immediately spreads out, and assumes a mole or less Bt.ii liho form, which is in eon- 
slait motion while it evaporates If the hunji is removed, the temper, iture of tho dish falls, 
until suddenly a loud hissing vs heard, then i cloud of vapour rises, which iirovcs that tho sphe- 
riiiil has come in contact avith tho hot surface, and has eaitcrcd into momentary .ind violent 
I hulhtiiin flliat the spheioid is not in contact with the heated surface lias been iiroved by tho 
f at, tJi it the light of a candle can be seen thiough tho thin l.vyer of vapour which scpaiatea tho 
'■pheioid fioni the hot surface, while no light could pass through the blackened and opaque 
ijiheroid Moreover, nitric acid assumes the bjihcioidal condition on a [date of Lot cojipei or 
'•liver w ithout acting upon it M Boutigny has proved that the tempciaturc of a liquid m the 
‘"phcroid *1 atnitc la always below ita boiling point The liipiid nc\ er attains this temperature 
' > I'liig as it 13 not 111 contact with the surface A liqunl requires th.it the surface, upon which 
d I'bumes the spheroidal condition, should possess a certain temperature, definite for each liquid, 
and d^easmg as the volatihty of the liquid increases M Boutigny has placed this tempera- 
ture m the case of water at 288° E , and in the case of ether at 142'' E A solid surface is un- 
iitff t-,ary, for one liquid may assume the spheroidal state upon another If liquid suljihurouB 
acid, which boils at 17 6° E , is placed in a white-hot capsule, it assumes the spheroidal condi- 
tion, and evaporates slowly , if now water is added, it is instantly frozen in the white hot enp- 
i>ule Earaday varied this experiment by freezing mercury in a wbite-hot crucible, containing 
a mixture of ether and liquid carbumc acid, which evaporates in the spheroidal condition at a 
temperature of about — 150° F The formation of a layer of non-conducting vapour between a 
uot surface afid a bquid explains why it is possible to dip the wet band into molten iron with 
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LEXS {Lentis, tbe lentil, ao called from its shape ) A lens is a piece of glass, rock crystal, 
or other transparent substance, bounded on one side by a polished spherical surface, and on the 
other by a spherical or plane surface Lenses refract the rays of light which pass through them 
either bringing them to a focus, if they are converging lenses, or spreading them out if they are 
diverging lenses Lenses may be sphencal, doMe com ex, plano-contex, double concave, jilnno- 
concai e, meniscus, and concaio com cx, each of which is described under its separate heading (See 
a]BO Aihromatic Lens, AplanaticLais, Pdyijonal Lens, Jiui mng Lens , Fresnel's Lens) ('oini,\ 
lenses, which bnng the paiallel rays of light to a focus, form an image of any object uhich is 
m front of them If the object is removed from the lens one and a half times its focal distance 
the image is projected the same distance belimd it, and will be of the natural size , if the object 
13 brought nearei, the image will be magnified, and if removed further off the image mil he 
diminished By employing a lens of long focus, and magnifying this image by another lens of 
short focus, we ha\e the principle of the telescope, and by employing a lens of \ery shoit focus, 
and magnifying the enlarged image which it gives by another short focussed lens, wc have the 
pnncijilo of the compound microscope 

rorallel rays of light falling on converging lenses are brought to a focus, and if a f-ource of 
light IS placed in the principal focus, the rays, after passmg through the lens, aie made 
parallel 

LENS BIJENTNO- See Burning Lens 

LENS, ILLUMlNATINCr lUumitMting Lens 

LENS, PHTNCIPAL FOCUS OF The pomt at which parallel rays of light, passing 
through a convex lens, converge to a focus Diveigoiit rays passing through such a lens conn 
to a focus beyond the principal focus, and convergmg rays to a point within the principal focu^ 
(See Forus ) 

LENZ’S LAW Considering the induction effects produced by the motion of a wiic, tliiougli 
which a current la passing, upon another mre formed into a closed circuit, Jjcnz was led to 
give the following law, whuh is known by his name — “Whenever a relative disjilacemcnt 
takes place between a cunciit and a dosed circuit in the natural sUvtc, tliu latter is ti ivurscd 
by an induced current, winch roicts so as to dotciinine a motion in the opposite diiectioii, tu, 
what comes to the some thing, which is opposite to the cunent, that would pioduce the same dis 
placement ” Tims, when wc diiiniiish tin distance between two parallel wires, one of wiath 
transmits a current, the other foniiiiig a < loscd ciicuit, wc obtain in the lattci an iiirei s<. i inicnt , 
but we know (see Mcctro-Bynmtucs) that two iiarallel currents m opposite directioua repel cue 
another « 

By considering a magnet, as it is according to Amphre’s theory, a solenoid traversed by a cur 
rent in a dehriite direction, the law of Leii/ may be extended to include the cases of cuiiLut', 
induced by the motion of a magnet m the vicinity of a closed ciicuit (See Indhuotwn, L'kdtu 
Dynamic, and Elcctro-Dynamus ) 

LEO (I’lio Lion ) A sign of the zodiac The sun enters this sign on about the 22(1 ef 
July, and leaves it on about the 23d of August The constellation of the same iiaim uccuiiiti 
the /odiacal region, corresponding to the sign "Virgo It is one of the finest constellations m 
the heavens, though it has been deprived by astronomers of several groups of stars originally 
forming part of the leonine figure 'I’hc star Gamma Leoms is a fine binary, the eonijioiiLiits 
exhibiting well marked colouis — the piimary orange, the companion green This consttllition 
also contains many remarkable nebulco, especially where it touches on the constellation 
"Virgo 

LEO MINOR (The Lesser Lion ) One of the coiistellations formed by Hevelius for no 
apparent reason, so far as one can judge, except to please his own fancy The stars formuu' 
this constellation might couvcmently have been mcluded either within Ursa Major or Leo 
There are few conspicuous objects m Leo Minor, but to the telescopist the constellation is full 
of interest, owing to the number of fine double stars and other objects mcluded within its 
limits > 

LEPUS (The Hare ) One of Ptolemy’s southern constellations It is situated under the 
feet of Orion Many interesting objects aie included within this small constellation One oi 
the most remarkable is the variable red star B Ijcporis 

LESLIE S CUBE. Sir John Leslie, m h-s varied and elegant experiments on radiant heat, 
employed hollow cubes of metal, m which water was kept boilmg as sources of heat These axe 

known as “Leshe's Cubes,” and are often employed when a constant source of non Innuiioua 

heat is desired They are usually made of blackened tin, and arc from 4 to 6 inches in the sine, 
sometimes they are cc^ted with various metals, powders, woollen matenals, , to show tn 
variation in the radiative power of different substances. « 

LEUCONE. See Silicon. 
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LEVANTEK a violent wind blowing at certain seasons over the eastern parts of tho Medi- 
terranean Sea 

level, water Since all portions of the surface of a small hquicl mass arc sensibly m the 
same horizontal piano (see Level Suiface of Liquuls), it follows that if we take a long hoiizontal 
class tube, and bend both its ends vertically upwaids, and fill the whole with so much watci that 
it uses in both the upright ends, the surfaces of the liquid in these two upright ends will be in 
the same horizontal plane Consequently, if the eye be pkiccd on a level with one ot these sur- 
faces, an object seen on a level with the other snrfaec will be in the same hon/ontal line with 
both Such is tho simplest form of a water level usi tl in levelling for engineenng imrjinses If 
a giaduateJ rod be placed vertically with one end <ni the grounil, so as to be mterseeted by tho 
btiaight line joining tho two liquul suifaccs in the level, and if the point on the rod be marked 
as ri ro, wliicb is at the ^me height from the ground on which it rests as the level surfaces are 
from the ground on which they rest, then the difference between the llel^dlt of the ground on 
iliicb the staff is placed and that on whieli the level can be at once dctcmifncd by looking 
along the two surfaces and seeing which division of the staff is on the same liori/oiitnl line 

LEVEL, SPIRIT If a straight eylindrical glass tube, cont lining sjnnts of wme, be scaled at 
both ends, so as to indue a small bubble of an, the ''jnrit will of com sc occujiy always the lower 
jiortion of the tube, the air space or bubble being at the toj* If the tube be turned into a v er-. 
tical position, this an angement is very quickly assumed, but if the tube be nc.iily horirontal, 
and be moved so that one or other end is in turn the lowest, tho moving force will be iiincb Itfcs, 
while the inertia and friction will remain sciisibly the same, consequently the motion of idjust- 
1111 lit w ill be slower Indeed, if the tube were perfectly lioii/ontil, the biiblilo wuuhl ic^t in m- 
ilihcrint equibbnum at any spot along its upper surface Tint the instmincnt may be less 
^ni iti c, .Liid tbit an approYiniate result may be obtained in a shoit time, it is usii il to emjiloy 
t'lbi s which are slightly bent — arcs of annuli — and to fasten them upon stands or feet having 
siuoolli flat surfaces, cuutainmg the chorda of tbc aunularnic Spiiits of wme arc ciujiloytd 
lU'-tcad Ilf water, because it is more facile m its motion (Sec Cohesion of Lnntuls ) Aflat surface 
Ti <' be levelled in a lioii/ontal plane by emjiloyiiig the level siiccossivcly in two (lircitious at 
ruht auglc^ to one another, since if any two lines cutting one aiiothci aro horizontal, tbc con- 
lamiiig plane is hori/untal 

LEVEL SUREAtJE OF LIQUIDS Tho surface of a liquid at rest is a hoii/ontal jilano, 

1 1 1 1 her a jxuuon of the surf ice of tbc c.utb, vvlucli is sensibly a sjdiere of 4000 miles ladius 
' loiii Art Pressure throwjk Lir/nids it is scon that the level of tho liquid surface in comnmnicat- 


1 V sscla IS horizontal It is, however, clear that the case of a single vcs^ifil may be icgarded as 
til. ( vticn’e case of approximate vessels, so tliat tbc sami law must be ti 110 of the diffcicnt jiarts 
of the same vessel, as is true of different vessels in comiuunicatioii Indeed it is obvious that 
the ^ of the surface of a liquid in a vessel is determined by the weight of tlie lu)iiid, and 
tint when a liquid whose parts communicate is at rest, its centre of gravity is in the lowest 
att unable position, when, and only when, the surface is iioiizontal 

LEVER (French, Zeter, to laise , Lat kiaic) A rigid rod moveable abniit a fixed point, 
vvliuh is called a fulenim It is a simjilo iiia^hmc, 111 whiili one forie, called tbc jjower, is 
applied to overcome a resistance tcclimcally tcnneil the weight There aro two conditions which 
must be fulfilled in order that the machine may be in equilibrium ( r ) 'I’he resultant of the 
power and the weight must pass thiough tho fiilcrun. , and, {2 ) The resistance of the fulcniin 
must be equal and opposite to the resultant, or, m other words, the fulcriun must be capablo of 
sustaining the pressure brought to bear on it 

When the first condition of equilibrium is fulfilled, tho power multiplied by its distance from 
tjic fuknnn is equal to the weight multiplied by its distance from the fulcrum When this is 
the case the lever will have no tendency to turn round its axis in one direction or another, 
and a very slight increase in the power wiU suffice to raise the w eight 

, Ine distances from the fulcrum are called respectively tho power arm and the weight arm , 
uenct the above condition is fulfilled when the arms are inversely as the intensities of the power 
and thc*weight When the v^eight is raised, it is obvious that the arms describe arcs, whose 
lei^hs arc inversely as the power to the weight icspectivoly, since arcs are proportional to the radii 

Lei era are of three kinds — in the first, the fulcrum is between the points of application of the 
power and the weight , in the second, the weight is applied between the fulcrum and the power, 
•md in the third, the power is between the fulcrum and the weight The common balance, the 
steelyard, the crowbar, are examples of single levers of the fiiiit kind , an oar (the water react- 
jog against the blade, being the fulcrum, the boat the weight moved, and the force exerted 
1 oarsman the power), a wheelbairow, a door moving on its hinges, are of the second 
tunH ’ t^adle of a tummg lathe, and the limbs of most anijaalB, are of the third 

*Ud , thus the human aim is a lever of the third kind, moved by muscles attached near 


< 


the sockets of tho bone*?, which form the fulcrora Of course in all levers of rae third kind the 
power IS greater than the weight, and so acta at a mechanical disadvantage , therefore these lovers 
me always used where speed or space is more important than mechanical advantage 

It IS not necessaiy that the bar used as a lever should be straight or that its arms should be m 
the same straight line , and the forces may be either parallel or not parallel , but in all ci^cs 
when there is equilibrium, the moments of the forces about the fulcium must be equal , anj 
to ascertain this in bent levers, or when the forces are not parallel, perpendiculars aio let 
fall on the directions of the foices from the fulcrum, and these form the etfective arms of the 
lever 

In double levers, two bars arc used, umted by a ]omt at their fulcrum Of tho first Kmil 
scissors are an example, the weight being the resistance of the substance to be cut, the pou lv 
being the hand apphed to the other end of the levers Of the second kind, nut-crackers arc an 
example , and of the third, tongs, whore the power is the hand, placed just below the fulcium 
(See /Miwice, Wot/Uimfi Machine , Steelyard, Wheel ami Axle 
TjEXELL’S Comet a remarkable comet of short period (See Comets ) 

LIBllA (The Scales ) A sign of the Zodi ic The sun enters tins sign on about Septomhor 
23rd, and leaves it on about October 23rd Its first point marks the place of the autuumil 
acquinox The constellation Tnbra ocentnes tho zodiacal region corresponding to the sign ScoipM 
There are few conspicuous stars in the constellation 

LIBllA'iTON OE THE MOON (lAhiatio, a poising balancing motion) An appiirirt 
oscillatory motion of the moon, which cn.ablos us to see rather more than half the surface of our 
satellite The moon’s rotation on her axis is nnifonn, but her orbital motion is not uniform 111 
a single revolution, nor are different revolutions performed m the same tune Hence, tluni!,'h 
her rotation is accomphshed in the mean peiiod of a revolution, rotation and revolution arc not 
completed at exactly the same rate Thus the bime effect is produced as though the moon, 
considered with reference to tho oaith, liod a small oscillatory motion of rotation onlnr im^ 
It follows that two luncs of the moon's surf.vce become visible in turn Their cstrcinitu's lio 
on that diameter of the lunar disc wliioh is at rght angles to tho direction of the moon’s inofiDii, 
so that their greati st breadths ho on the di iiiieter which is m the direction of the iimnn s 
motion This is caUed the Idnatinn tn lomjitiide There is another libration called the hhiitt'ui 
tth UUitvde It is due to the fact that the axis of tho moon’s rotation is not ipiite peiqiMiiliLMl u 
to the plane of her orbit Thus tuo othci luncs become visible by turns, wliose cxticimtn lie 
on that diameter of the lunar disc which is in the direction of the moon’s motion, so tliat tlinr 
greatest breadth lies, on tho diameter at light angles to the former tlwing to the moon’s 
Lbration, four-sevenths of her surfiacc can be seen, instead of one half only 

The moon’s diurnal libi alioii is a less important libration due to the earth’s motion 011 hor 
axis 


LICHTENBEEG’S FIGURES (so called from the name of the observer) show a stiilonr 
difference between positive and negative electricity with regard to the way 111 whitli tln> 
distribute themselves over the surface of a non conductor Let a glass plate or a smooth plate 
of shell lac be well dried, and let lines be tioced on it with the knob of a jar positively ch 
and then wnth a jar charged negatively And let a mixture of red lcad_ancl sulphur be lulibul 
togethei maw arm moitar, and then lightly sifted over the plate The" sulphur becomes nt 
tivcly charged, and the rod lead positively when they are rubbed together, and tho sulpbnr 
therefore adheres to tho positive hues of the plate, and the red lead to the negative hni's O.i 
examining the lines it will be found th it a peculiar difference exists between tlie forms in whu 1 
the powders are distributed , the sulphur is spread around the line in branching tuft like '•In [ , 

while tho red lead lies in circuLar and oval shaped spots Tho same may also be beantiiuh} 
shown by employing two plates of shell lac similar to those used m the eleetrophorous, and allow 
mg a few sparks to fall on one from the positive, and on the other from the negative coiiductnr 
of tho machine, on [scatteiuig ovei each a little fire-bnek dust, the forms are veiy 


displayed 

LIGHT (A S , leoht, light , Ger , licht, W , llvj. Goth , huhath, L , lux, light , akin to 
Sans , loL, loch, to see, to shine , ruch, to shme ) Light is the agent or force which excites m 
our eyes the sensation of vision, and thereby enables us to perceive the phenomena of the ex 
tenud world There are two theories of hght, one the emissive theory, according to which liaa" 
is supposed to be due to the shooting out from the luminous body of an infinite number 0 
small particles with inconceivable rapidity , and tho other the vibratory theory, accordui? w 


uiuvva iu uueB wibu vixurutuuD utiuuuu^u uiceMsuriiiuie vciuviuj^ 

passes tlnough ti ansparent bodies, whilst it is arrested by opaque bodies, casting Aaaows b 
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it fal's upon a ligh^ opaque body with a rough surfai e, it is d) persed and scattered about in all 
diiei-tions, and when it falls upon a highly polislud smfacL it is tejlected back, the aiir/lp of re- 
Huhon bung equal to the angle of titcidetice When it jiasses obliquely from one tianspirent 
nieJiuin to mother of different density, it is bent out of its course or rcfi acted, and at the same 
tuue it IS diti>crscd into different coloius, constituting the spectrum When a ray of light just 
grazes the edge of a dense substance iii its path, it is inflaUd When light is leflocted from a 
polished surface at a particular angle, it bcLOiues pofa) wit/, acquiimg now properties , Mnidar 
jibenoinena of polarisation are produced when common light is passed through ccitain cij'stals 
flinch possess the property of dmdilc lefactwn Li^iit may be produced by chcmual action, by 
pjin^iphoivscence, by groat lient, by « yshi/i/aufion, and it issues from celestial botbes, such as the sun 
and stirs, which shine by then own light All the subjects licic biiefly alluded to are tioatcd 
of n gioatcr detail under appropriate hc,i<lmgs Kor tlio iirmcijial divisions the stmlcnt is rc- 
foiied to the following articles — AbauUion , Ahioiptoui, Aitiniiiii, Vliromnhci , Cncnlai 
i-^otton , Colnmcd Palni I'iolion , On/shdt, DcIIclIioh, /)i poltnisatioii Dilfi fiction 
piiiiim, IJmdjIe J' '' ^ Umiisac Thcoii) , L>n , Fbwicscciue , Focus , Fiitiinhofir’s 

Jimi, (jcisder's , I bight, liidie of Jtffiiiilion , Intiifoenie, Lens, Muio- 

Newton s Ringi, OphcAjcii, Phosphnctcdice , Phohontliy , Folai iiution of Light, Piism, 
J!i iti’ction , Refiactwn, Souicea of jAght , Spectiinn,, 7 'dcaiojit , l/iidnlatorg Thioiy of Inght , 

1 JooV/ of Lifjht 

LIUilT, AETIFICTAL, COIVI V \ UATl VK fOST ()!<’ Dr Frmkl.md, in Ins lectures on 
c 111 gas delivered at the Royal Institution m the spring of 1S67, gives the folhnving t iblo of 
die comiaiativc cost of the light c([u.il to that emitted by 20 sperm candles, each buiniiig for 
10 houis at the rate of 120 grains per hour 
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1 JUT, CnEMTCAL AC'I’ION OF f?cc atcnmnl Action of Light 
I- CUT, CHEMICAL REAGTIOIsS PRODUCED HY Sco ChmicaZ Reactions pio- 
I ‘ 1 1 Li'/lit 

I 'CHT, COMMON A term applied to onlmsiy light, to distinguish it from light which 
I u I -on polarised * 

I.ICHT, CORPUSCULAR THEORY OF Sec Couivirnlnr Theorij of Light 

liJil I IT, DECOMPOSITION OF Set Duonii^isitwn of Light 

Jd(,HT, DIFFUSION OF See Dtlfimoii. of Light 

LI(4 HT, ELEC'l’RIO See Fh tti it Light 

Lie I IT, HOMOGENEOUS Hoc Jfomogcncons Light 

I ICUTHOUSB LENSES Sec Pohigoiial Lens, ami FiesncVs Uns 

Lit. UT, ITS SUPPOSED INFLUENCE ON COMBUSTION It is an article of 
pojiul.ir belief tliat the siiii puts out the lire It is said tliat if the fiio be nearly out, and you 
put a screen before it, or draw down the blind, or i lobC the window shutters, it will immediately 
lx gin to revive Rut it is forgotten that a fire which looks dull or out, m a well lighted room, 
"ill ainieTT to bo m tuleiable condition m the same room when d.iikeiiud It only requires to 
l'c“ jmt together to make it bum up, and it might have done so just as Moll in tho light 
If light has any influence on combustion, a candle burning in the sunshine ought to give 
difterent results as compared with one burning in the shade Rut 111 comjiiiniig candles of the 
•xiuie make the light is affected both m quantity and t conomy by a imiaber of small circum- 
st UK e-, such as tho warmth of the room, the existence of small currents of an, the extent to 
"hich the wick curls over, and so on In testing the quality of gas the standard defined by 
Act of Parliament is a sperm candle of six to the pound, burning »t the rate of 120 grains per 
hoji From such a standard we get the terms “ 12 candle gas," “ 14 candle gas," &c , but, oa 
-•Ir Pugg lias pointed out, the wiek does not always contam the same number of strands , they 
Me rot all twisted to the same degree of hardness , the so called sperm may vary m coinposi- 
tion, one candle containing a little more wax than another, or variable quantities of stearme 
M of paraffin , the candle may have been kept in store a long or a short time , the temperature 
the store room may hai e varied considerably, and the temperature of tho room m which it 
burnt may have been high or low All these circurnstanoi s affect the rate of combustion, 
**^®pective ov^e action of light, if such action exist (See Photometry ) * 

*■•1 a senes t>£ expenments described by Mr. Tomlinson (FhiL Mag | Sept 1869), the distuib* 
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ing causes, above detailed, were carefully eliminated Great care was taken to ensure identity 
of composition and illuminating power in candles of the same name Moreover, sufficient time 
was allowed to make a fair comparison, currents of air were guarded against as much as possible 
and the temperature was neaily the same in the light as in the dark We quote the results of t«o 
of the experiments In the hrst, three hard and three soft canilles were burned Ccicli diuni ’ 
four hours in a dark closet Similar sets of candles taken from one and the same hlhng neic 
burned dunng the same time in open dayhght, partly in sunlight The average consumption 
per hour of each candle was as follows — 


Sperm in the dark, . . 

Sperm in the light. 

No 2 Composites in the dark, 
No 2 Composites in the hght. 


134 grams 

14* » 

*33 •> 

*40 » 


In this experiment the temperature in the light was 72“, and in the dark 71° Eesidi". m 
the light tlicre was a much greater motion of air than in the dark closet Both thc'ic nn um 
stances would operate m producing a larger consumption of candle 

In an csiierimciit where the flames were nearly protected from air currents, and the tiiii 
peratures both in the light and m the dark were nearly equal, the results with No 2 con. 
posites were — 

In the dork, . 131 groins per hour 

In the light, . . 129,, „ 


In another experiment the increase of temperature caused by bright sunshine led to moii, 
rapid burning, so that if light has any action it is the reverse of that popularly supposed 

Mr Tomlmson's conclusion is that the direct light of the sun, or the diffused light of da}, 
has no action on the rate of burning, 01 in rctaidmg the combustion of a ordinary cindlc 

LIGHT, LOya OF, BY PAaSlNG THE.OUGII GLASS SHADES boe Loss of Liyk 
hy pasHiiK/ throu>/h Glass S/iailes 

LIGHT LOST BY IIJ'IFLECTION Some light is lost by reflection from the mo^t luglilj 
polished metallic surface , the number of reflected rays<lmiiiii»hing as the obliquity of incnknci. 
18 diminished A polished mirror of speculum metal has been found to reflect 64 per ct ut of 
the incident light after being many years m use, and m refracting telescopes light is ako lo't by 
reflection fiom the polished faurfaccs of the glass It has been calculated that a rcfiutiiig 
telescope would ha\e to be 133 73 inches diameter to give as much light as a 4 feet Ncutoniaii, 
not taking into acocunt the light absorbed by the glass Allowing for this, Dr Eolmisoa 
(Phil Tiaiis , 1869, p 129), calculates that a 33 73 inch object-glass would be ciimluminuus 
with a reflector of 37J inches When hght falls on the surface of mercury at an angle of mti 
dence of 78° 5^ only 754 rays out of a thousand are reflected When the reflector is di ipH m 
ous, fauch as a glosb plate, more hght is reflected from the second than from the first sin fait, nnl 
this propoition is increased by coating the bock with some resinous cement, or still bcttci, "db 
metallic amalgam, the vividness of tlie leflection from the second surface then <oui|ilitilv 
eclipses that from the first , thus, in the common looking glass, the bright images seen in it irt 
reflections from the second or coated surface (Brook’s Natural Philosophy, p 583 ) I 
the incident rays at 1 000, M Bouger has found that the number of rays reflected from the am 
faces of water and of gloss at different angles arc as follows — 


Angle of Tncidence 

Water 

Glass 

85" 

SOI 

549 

80" 

333 

412 

75 " 

211 

299 

40“ 

22 

34 

20“ 

18 

25 

10“ 

■, Speculum) 

18 

25 


LIGHTNING The sudden dischaigo of electricity from the clouds to the earth, or from 
cloud to cloud There are several kinds of liglitnmg In the first place, there is the /ig 
flash, apparently a contmuons line of light, bent m two or more places at extremely sharp augb' 
Secondly, there are flashes which light up a large portion of the heavens -wath a broad diflus*- 
light, and which are accompanied uuth thunder Thirdly, there is that called sheet hnhtiaivj 
and sometimes heat hghtmng, because it is frequently seen on warm summer mglits, -aliicli 
pears in, diffused flashes generally faint, and which is not accompanied by thunder And 
the name is applied to certam luminous meteors known also as fire-balls, concenujag v Uch niany 
incredilile stones ore told. ** 
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The duiation of the lightning flash is less than the thousandth part of a second AV'hcat- 
stone showed this by means of the pnnciple upon wliieli Ins chroiioscope is founded A -ttheol, 
turned so rapidly that when lighted by a permanent light its spokes blended togothei, when 
lUuniinated by a lightning flash appeared pcifectly stationary, and not the slightest iiidieation 
of disphaceinent could be noticed with legard to tho spokes The spokes had not, t1ici^.f(/ic, 
distiu"Tiis>hab]y moved forward during the time the flash lasted It is entirely duo to po \iilrnce 
of thc'tma'<e upon the rctma that the flash appears to last foi a perceptible time 'ilie,/(?e balls 
on the contrary, are said to last for a considtiable time, sevcial seconds at least 
The first kind of bghtnmg, namely the rig zag fla'-h, is frequently seen, though not so enra- 
iuonl> as the second and third kmds What is seen is t-iiiiply tlic lint in which the sjiark tia\cls 
from the cloud to the earth, or from one cloud to aiiothci It is often of vciy great length, and 
13 gciK'^dly made up of a number of stiaight lines of hre, foiimngivith each other one contiiiiions 
line, arid having several acute angles m it The /ig rag appeal incu of the* line i oiTCsponds with 
uhat IS obscried, on a small scale, in taking long sparks fiom tho prime conductor of a good 
rkitiic machine The line which the spark follows is that of the least resistance to its passage, 
and IS not aa a rule a straight line Generally the clcctiicity appc.irs to tin cl fioiii ilxjvo 
doniiwaids, but sometimes an apparently upward discharge is seen 1'ho direction which tho 
ilkchargc seems to take depends upon whether the cloud or tho earth is clectrilied positively, 
anil ujion the relative conformations of the cloud and of tho ground 
In the second class of flash the Iiglit, lustcod of being couceiitiated to a single lim , is spread 
over 1 II go hill f ices Sometimes it appears to lUumiii.atc i.ierely the* boimdanes of tin clouds, 
hiimetimi -i the hght seems to come out fioin the midst of the clouds theiiiselves 'Plus kiiul of 
hgldiu'ig IS the most frequently seen , piobably it is due to the light of i sp irk which is seen 
dilfi ed aiound and reflected, at a time when the line of the spark itself is conee vied by a cloud 
or olh' iwise 

Tint wliiel IS called heat lightning, and which la unaccompanied by thuiulei, gcncially con- 
V'lo of pale flashes most frequently neai tho hoii/on , often even when there are no deiiiiito 
«' I’s visible It has, m maqy cases, been proved to be due to distant stoiins too f n oil for 
t'lL thunder io be heard, but of winch the light of tho flashes is iclleetc d on clouds oi mists, and 
1 - aches U9 There appeal, however, to be bome cases on rccoid lu which tho light wax seen in 
ihi zcpith, and which could not bo accounted for as pioceeding fioin aiey distant tliuiidei -storm 
i^ui li ti vshes ire possibly due to discharges taking place m tho atmosphere at very great heights 
iLdietli eaith 

1’ 11 little seems to be known about the^irc balls They aio described astfalling hlowly from 
thi clouds to the earth, the descent occupymg ten oi iiioie* bceoiidH, and aio suil often to re- 
houiici once or twice upon the ground, end aftciw'ards to explode with fiightful violence , Imt if 
ih) V ai. of ele tiie origin at all, it would be ditbenlt to aeeuuiit foi such piopcrties according to 
any known deetne laws 

The colour of the lightning la generally white, cs|)ceially in tho case of the zig rag flislirs 
Lightning of tho second class is, howevci, frequently of .v redilisli coloui, and oeeasioii.illy blue 
Old violet are perceived in it The colour piobably depends upon the st ite of the at]nt*-.plicrc, 
l*<'th as to quality and as to pressure Thisc eircunibtaiiccb, as wo know, influcuco tho colour 
cf the bporki obtained from an electiic maebine 
To aceouiit for the formation of lightning is not easy It is generally Bujiposcd that tlic small 
particles of aqueous vapour which leave the earth, and which iie aftei wards eondeiisetl to foim 
iWds, are electrified at the time of, possibly m consequence of, tlie occurrentc of vajinrisation 
iliese particles carry their clcctncity away with them, and, when tho cloud is fomied, unito 
togethei, forming little molecules, which, again uniting, form diopa, and the diojis aie thus in, 
a state ot considerable electrification Probably, then, by means of intern.il disc barges, tho in- 
terior particles relieve themselves, and throw a jxirtion of their electricity into the i cnpliery of 
tae cloud , and when the outside of the cloud has become very iiowerfnlly clcetntied, a dis- 
' large tali.es place towards the earth, or towards an adjacent and oppo*-itely electrified cloud 
rile external layer of the cloud having thus reUeved itself, the little gloliulcs of water again 
wgiu to discharge into each other, their size all the tune increasing, and tlic electric stiam at 
oeir external surfaces increasing also, for it is a well known law that, in an elcctiified con- 
uctor, such as a drop of water charged could be, the electricity is disposed m a hne lay er at 
exterior Again, by a senes of internal discharges, the periphery of the cloud is charged, 
“ttu a second flash occurs Certain electroscopio experiments seem to show that what wo have 
lost described actually takes place, and that, for some time previous to tho flash, discliaigts are 
Irom^art to port withm the doud • 

r'^yo^^Ung pascresses the same properties as tho ordinary electric spark, exhibiting them with 
Plover proportional to enormous quantity of electricity which is at work m the production 
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of a, flasli ThiiB it heats intensely any conductor not sufficiently good to carry it readily , 
hell-wirea, chains, thin rods of metal, where it passes along them, and producing those* molten 
tubes known as fulguntca, when it strikes the earth, and along its path inward It sets com> 
hustibles on fire The passage of a flash can also magnetise, demagnetise, or reverse the ma"'- 
netism of steel, and can produce chemical effects, an example of which is found in the forma 
tion of ozone, nitric acid, and nitrate of ammomnm in the air Its mechamcal effects arc Bhoun 
in the splitting up of trees, stom s, &c , when it strikes them The physiological effects are too 
frequently recognised Whtii lightning strikes an animal it usually kills it There are how 
ever, instances m which death did not ensue Generally the spark passes through the body, 
tearing and burning it at the place at winch it enters and leaves, frequently setting fire to the 
clothes, and nearly always burning up the hair on all parts of the body When death docs not 
follow the strokes, deafness, loss of sight, ddatation and loss of contractibility of thepnjiilofthe 
eye are frequently temporarily produced Instances are known, on the other hand, in whidi i\ cak 
strokes of lightning have cured some of diseases under which they were previously lahoiuin'r 
As to the number of persona killed by lightnmg, M Arago estimated it m France .it pi\tj nine 
in the year M Baudin, however, according to a rcsoarth quoted by De la Rive, shoved tli.it 
between the years of 1835 and 1852, no less than thirteen hundred and eight persons vcio 
killed 

In the next article we give some mform.ation concerning lir/Mmnq conductor s, and under the 
names Tlinnda , Rctui n Shod , St Elmo's Fu c, will be found an account of these concomitants 
of lightning 

LIGHTNING CONDUCTOR The discovery by Franklin of the identity of lightning 
with electricity led at once to the idea of protection from the electric dibc barge by me.ins of a 
pointed lod Questions long existed as to the utility of the lightning conductoi, it brin; 
affirmed by some that they tend r.athcr to .ittr.act the lightning They do, indeed, concentr ite 
ujinn themselves the inductive action due to an clectiihcd cloud , but no danger can po^siUy 
arise from this if tlicy arc properly constinictcd Tlicy ought to be pointed at the top, and arc 
frequently made with more than one point, m onlcr to .allow the discharge to take place ipiiitly, 
and without any spark at all The dimcii'-ions of a conductor should bo pretty largo .i tlim 
rod offers too much resistance and m.ay sometimes oi en bo molted by the heat produced It 
must be continuous throughout, .is tiscs have frequently occurred 111 wbicli the clcctiiiit} lias 
left the conductor .at a place where there has been a brc.ik in the line The end of the lod 
which IS of iron, is metallically connected with thick copper strips which arc earned into the 
ground to a considijpible depth and ought, if possible, to terminate m water nr in a very v ct 
place, in order to make the communication with the cirth as complete as possible In tin' case 
of conductors for ships, a strip of copper is inlaid the whole length of tlie mast and ai landed so, 
that on lowering or raising the masts, metallic contact may still be maintained The strips ire i ir 
ricd down to the keel and thus comraunic.ate with the w.ater It is found neccssar}'^ to Inn' 
each mast furnished with a conductor In some cases m which it was thought that <a conductor 
on the mainmaHt would be a suffaeient protection for the whole ship, one of the the othci ina-.ts 
has been struck by lightning and di stiojed 

The f uiK t on of the lightning conductor is this When a cloud charged with electricity com. s 
over any locality, intense induction t.ikes place between it and the earth , but m p.articul ir tins 
inductive action is concentrated on any pnijections, such as t.ill steeples or chimney s , tins 
giadually increases till at last the strain upon the air space between becomes too great foi it t'l 
sustain, and the flash occurs But if the steeple or chimney be overtopped by the lightinii-,' 
conductor, the mductive action is directed towards it, and since it is pointed, the strain upon tno 
particles of air very soon becomes more than they can support, and the ebscharge taken iilfn-j 
It IS, however, of the nature of a quiet binsh, the electricity flowing gently outw irJ a.id 
neutralising that of the cloud, and the flash is in general altogether prevented Bx i u 

should occur, a conductor of sufiicient si/e can easily carry it to the ground, and the buildind 
IS B£LVC(1 

LIGHTNING FIGURES It is commonly supposed that when a person is struck by 
hghtning while stanchng under or near a tree, an “ exact portrait ” of the tree is impressed on 
the body of the patient Statements of this kind arc so numerous that M Baudni in Ins Tr’a- 
tise on Medical Geography, proposed a new term, namely, Kcraunography {“ to wTite 
thunder”) to include these and other figures caused by lightning In 1861 M Poey collectc. 
twenty four such coses and supposed them to be due to a real photo-electric action 

It was shown by Mr Tomlinson, at the meeting of the British Association at Manchester i 
l86i, tkat a ramified figure, very much like a tree, is really produced with every stroke of kj. 
ning, and with everj^discharge of a Leyden jar If a thin sheet of window glasi", about 4 « 

square,' be held between the ^ob of a charged jar, and the dischargmg rod, the discharge 
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K ovcr the surfaco nearest the jar, turn o\er its edge, and so get to the dischargn g rod On 
ng the glaes up to the hght no trace of the dischaige will be seen , but oii brealhing upon 
the we get a ramified figure, conaiatmg of a tmnk, from which proceed a number of 
branches coiered with spray, the whole figure strongly resembling a tree In some cases the 
discharge bifurcates, and even trifurcates, in uhich case there are two or three trunks, each 
accompanied by its own branches and sptay Should the glass he too thick, the eh uge may 
not pass , but we get some of its niinur details, such tOS the branches and the spray, represent- 
m f"ct, those ramifying feelers sent out by the electneity to prepare the line of least resis- 
tance along which the principal discharge takes pl.ico 'J'hcso are tlie lines which jiroduce the 
sensation of cobwebs draivn over the face, which s ulors desciibe as the forerunners of the ship 
beinT struck In the expenment just named the diseliargc bums away portiuns of the organic 
film which covers all bodies exposed to the air, and the breath condenses in continuous streams 
on the portion so burnt and reiideicd chemically clean, while on the other parts of the gl iss the 
breath condenses in minute globules (See Luatfi riijincs ) If the glass does not act well in 
consequence of the iiregulaiity of the film, it may be dipped mto a stioiig solution of soap iii 
natcr and rubbed tlry with a cloth This will give it a euntinuous film c.ipablo of producing 
ri-iiiarkably fine figures, the slmeture of which is uoith studjmg The mam trunk of each 
iimire is hollow like a Fulquntc 

"lilGHTNING, SPECTIIUM OF The spcchnm of lightning has been evamincd by 
Orandoau and Kundt It shows the spectra of incandi ->eeiit iiit)Ofjci}, oxi/qcji, lii/ihor/ni, and 
iiidttun (See the spectra of these several substances } The nitrogen spistium is sometimes of 
the fust order, and sometimes of tbc scconfl, .iccoiding to the intensity of the disehaige 
LIGHT OF GAS, DIMINUTION OF, BY ADMIXTUllE OF Alii See JJinu.iutio.i 
rf Li'jlit rtf Gas by Admixtuicof A^t 

1 IC.HT, OEDINARY AND EXTRAORDINARY RAY OF Seo Otdiuaij and 
Eib oordmat y Itay of Lv/ht 

LIGHT, RELATION OP GOLD TO See Gdd, RdtUion of, to Lir/ht 
LlGllT, SOURCES OF The sources of light aie very numerous, but they may he reduced 
I few classes First, the sun, fixed stars, aud other celestial bodies which do not shine by 
ritiected or borrowed light , second, light evolved by tcrrestiial bodies m a state of meaiulLS- 
einco, such as candles, lamps, and coal gas, the electric hght, Gcisslei’s tubes , third, light 
■ lolvjd by phosphorescence , in this class may bo meluiled fluorescent hght, light evolved during 
• IV tilbsation, or when certain crystals are broken, and hght from glow-worms In this 
i itL_,0’y may also perhaps be included Rcichcnbach’s odie anil erybtallie hght, for although bis 
' ill iiieuts are not geneially eiedited by men of science, a iieiusal of hfi ongmal memoirs 
(I iiliig’s Aiirale” (let CAcmic, March and May 1845), will show that Lo brought to beai on 
these abstruse subjects as much acuteness of ohsi rvatioii and philosophical caution os are 
gl iier-'ly met with in scientific memoirs 
LI 5 IB In iistronomy the edge of the sun’s, the moon’s, or a planet’s ihsc. 

LIME See Ctdcium, Oxide of 

LIME, CHLORIDE OF bee Chlorine, Jfi/pocklot itc 

lime light (Also calk'd Dmmuwnd Lvjht ) A very intense light produced by pro- 
J*'cliiig a blowpipe flame of mixe'il oxygen and hydiogen gases upon a ball of lime The 
intense heat raises the lime to vivid meaiidescence 'NVhe'ii 111 igmi sia is used instead of lime it 
IS called the Maynesia Lvjht, and when ^ireoiiia is employed the Zu toiud Lujhl Owing to tho 
rVeat explosiveness of a mixture of oxygen and hydrogen gases, Bjiceial precautions aio requiieJ 
Riritiiiiiy’s jet IS sometimes used , at other times the gases are allowed to bubble through 
aatcr in their passagi from the rcsc'rvoir to the jet The s ifest plan, however, is to keep them 
oeparatc, until they meet at the jet In the Oj yadciiim Liyht a jet of oxygen gas is blown 
tliruugU a bpmt flame upon a ball of hme When a coal gas flame rcplaci s the si>iiit flame, it 
o sometimes called the Oxy-coal-Gas Liyhl, tbc general name fur all theso lights is the 
^xyhydroyen Light 

limit of audible notes The lower limit to the sequence of similar sounds, which 
produce a musical note, is about l6 complete vibrations in a second At slowei lates of 
'■'quence the ear can distinguish the separate sounds The higher limit of audible notes vanes 
' different individuals 36,000 vibiationa per second give the highest audible note, whose 
rations have been numbered 24,000 is the limit for most ears As the chirp of enekets and 
Jie squeak of bats consist of a great number of vibrations, the noise which these creatures 
18 unheard by many 
LINE OF NODES See Nodes 

, ^LftES OF fORCE, ELECTRIC In an electric field, or field under the influence of a 
s en distnbutJDn of electniied bodies, “ Lnea of force," that is, lines the direction of whose 
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tangent at each, point is that of the resultant force at that point, may be drawn upon princml 
similar to those which are drawn in a magnetic field, and they possess properties an.ilogoua to 
those possessed by the line of marinetir force (See next Article, and also Field, Ma'jnetic) 

LINES OF FORCE, MAGNETIC A lino of magnetic force, or simply a line of force 
(magnetic being understood), is a hne which is at each point parallel to the resultant of all the 
forces at that point “Tt may be defined," says Faraday, who introduced the term, “is that 
line which is described by a very small magnetic needle, when it is so moved in either dncetion 
correspondent to its length, that the needle is constantly a tangent to the line of motion , or it 
is that Inio along which, if a transverse wire be moved m either direction, there is no ten 
dency to the foiination of any current in the wire, whilst, if it be moved in any other diroetum 
tiiero IS such a tendency , or it la that lino which coinciilos with the magnecrystalhc aiis of a 
crystal of bismuth, which is earned m either direction along it ” The arrangement of the lines 
of force about a magnet, or about a number of magnets whose different forces interfere mth 
each other, may bo approximately and very bciiutifully exhibited to the eye by covcnn<? tlitm 
when laid on a horizontal table, with a tightly stretched screen of white paper, and thou t(, liter 
ing fine iron filings over the paper with the assistance of a sieve The filings arrange them 
selves in curios, which radiate from the poles of the magnet m directions depending on the 
form of the magnet, and, if there be any magnetic matter in the field, on the position of it ivith 
respect to the magnet In the case of a straight bar magnet, evenly magnetised, thi‘> start 
from the poles, and turn inward to meet each other, bending round in oval curvi s I'u ulay 
pointed out another experimental way of recognising and examining tlie lines of force, both in 
direction and intensity — namely, by means of a conducting wire moved across them Tht 
reader will find a full account of his method and results in the Philosophical Transai turns, 
1845-1850 Their properties were mathematically discuasod by Maxwell, Camb Phil Trans. 
1857 (Sco also Field, Matfnelic ) 

LINES OF THE SPECTRUM Seo FtmmWer'e lAne» 

LINES IN THE SOLAR SPECTRUM, KIROHHOFF’S THEORY OF Sco Kirch 
hoffi Thfoi >j of the Lvnet in the Holm Specli urn 

LIMITING ANGLE When a ray of light passes obliquely from a dense medium to a 
rarer one, it the incidence is such that the sino of the refracted ray is equal to the r.idius of the 
ray, refraction of the ray becomes impossible and total reflection takes place , below that 
incidence, however, it is refracted This is called the limiting angle between rtfr ichon and 
reflection The liinitmif atir/le is found by dmdmg unity by the index of refraction of tlie sub- 
stance (sco Table of Indices of Ref taction), and on looking for the quotient in a table of natural 
sines the angle corfcsponding to it is the limiting angle (See Reflection of Light, Total , Right 
angle Prnm, silv) 'Biooke’ a Natural Fhilosopfii/, ic6o, Brewster’s Opt ica, p 31) 

LHiUEFACTION, LATENT HEAT OF Sco Latent Heat 

LIQUEPICATION AND SOLIDIFICATION OF GASES Gases and vapour, were 
formerly held to be distinct in their nature , it was Faraday who first proved the distinction to 
be erroneous by liquefying a number of gases, and smee that time all the gases with the uption 
of BIX, oxygen, hydrogen, nitrogen, carbomc oxide, nitnc oxide, and marsh gas, hate been 
obtained in the liquid condition The general pnnciple ux>on which the attempts at Iiquefattun 
of gases arc made is that of applying cold or pressure, or both at once 

Faraday's plan was to place 111 the longer leg of a shaped glass tube a substance from 
which the gas could be obtained by heat, (thus to liquefy cyanogen he used cyanide of mu tun, 
for ammonia, chloride of silver, saturated with the gas), and to seal the tube hermetitally 
shorter limb was then immersed m a freezing mixture and heat was applied to the otlier In 
this way a large volume of gas wa-s generated m a small enclosed space, and the preseuro iJiw>n it 
rapidly increased as more gas was produced , soon it began to condense into a liquid in the 
cooled chamber In this way cyanogen, ammonia, chlorine, carbonic acid gas, and others were 
bquefied , sulphurous acid gas was ea.sily liquefied, it bemg sufificient to pass it through a tulio 
surrounded by a mixture of snow and salt 

Professor Andrews, of Belfast, afterwards constructed a convenient apparatus for the appliM 
tion of cold and pressure at the same time to a gas The gas was contained in a capillary tuw 
sealed at the top, an J a small column of mercury in the tube enclosed it below The un-calf* 
extremity of the tube was fastened by secure and water-tight packing into one end of a cop^r 
tube, which was completely filled with water, and by screwing a steel screw into the w a-*- 
chamber pressure was obtamed, which dioie the mercury column up the capiUarj tube E} 
rounding the capillary tube with a freezing mixture cold could be applied With this apparatu^ 
Andrews was able to subject the gases to the enormous pressure of four hundred atmotpucri’ 
or mort and with assistance of intense cold from — io6°F to — X5o“ F he reduced tla- 
whicb wo have mentioned above as hitherto uncondensed to, in several cases, le^ the zi'S 
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tmnnal volume Common, air was compressed till it had a density nearly equal to that of 
u itor, but without showing signs of liquefaction His paper to the Hoyal Society, i86i, gives 
an account of his experiments 

By means of a forcing pump, designed by Natterer of Vienna, carbonic acid is now liquefied 
on a* very large scale in strong iron vessels The gas is generated iii the ordinary way from car- 
boiiatf, of calcium, and passed into caoutchonc bags, it is thence forced into an nonves'-el, 
winch 19 kept cool by the application of ice If when a oonsideiahle quantity of the gas has 
liLen condensed, the liquid is permitted to rush out through a small orifice, solidified i iiboiiic 
jLid 13 ootamed in the form of fine white flakes like snow Tins is due to the enorinousU rapid 
cv iporation of the liquid as it escapes A portion ot it tin ns into gns, and takes up «o much 
lu. it ('Ce Latent Heat of Eiaporatwn), that tlie reniaiiidi i ot the liquid is frozen to a solid It 
was with the assistance of this solid that Faraday was ilile to study the other g isrs iii their 
sohd ind liquid conditions For on mixing the solid c irhoiiic and with ether a tciiipoiatiiro as 
loi io6° F below /eru was obtained, and by putting the mixture under the rcccivci of in air 
pump and rapidly exhausting, so as to assist cvijioiatioii .i temperature is obtained winch Fara- 
da\ estimated at i66° below zcio By cx|)OHing the bipii lied gises iii glass tubes to a bith of 
this kind, lie was able to obtain most of them in the form of ti insiiari'nt solids Aft( rwards 
Xitterer mide use of a mixture of solidified mtixius oxide iiid bi^iilpliidc of carbon, and with 
the .lid of an air pump obtained a temper itiire as low is 220 ' h’ below zero 

The following table, winch wo quote fiom Miller’s hUtmoU 0/ (Vifinistry, gives the melting 
points nf the solids and the pressures of the gases at the point of liquefaction foi various tem- 
jxraturcs. according to Faraday's experiments The piessiiics are determined by unclosiug m 
the tube in which the liquefaction takes place a small air gauge 


CO:fDEN 3 ATION AND SoUDIUCATION OF Ga'IF'J 


Knmca ol Gases 

Melting point 
« 0* 1’ 

Tressuro In Atmosplisrss 

Ato' F 

At 32>' P 

At do" P 


‘’nlpliiiTous anhyilTide, 

— 105* 

0 72 

1 SI 

2 S 4 

5 16 at 100’ 

1 1 iiiui^cri, 

— 30 

« ®5 

- ■>? 


4 00 at 

lliurluilic acid. 

60 

29 

307 

5 86 


Vinimmia, 

— 103 

2 43 

4 4 

690 4 

10 00 at 8-3® 

' 'ilphiiTetted hydrogen, 

13 X 

67 

lo 0 


24 60 at 5^3 

^ 1 Irons 0” id e. 

— ISO 

m J 

S'S 0 


33 40 at 35“ 

1 < ' irljonic pcidy 

— 70 

23 8 

3S5 



j 1 u h^orln 

75 





lUiliiibiomic acid, 

— 124 





J liionde of hilicon, 

— 220 





Aiscnmrettcd hydrogen. 


5 21 

8 9 S 

13 19 


O'ch lilt Ras, 


27 2 



26 00 at 0® 

1 luoritlL i)f Boion, 





11 45 — 62® 

'Ijdrluilic acid, 


150 

2 ^ CO 


40 0 at 50" 


For home further particulars on this interesting hubjert, and for an account of the most recent 
and very rcniaikable researches upon this subject by Hr Andrews, resi .arches which throw a 
oinjiUtdy now bght on the whole subject, wc refer to — MalUi, CuiitinuUi/ of tfie LujuiaI and 
Gaseous States of 

IdQUIHS, CENTRE OF PRESSURE OF Soe Centre of Pi assure of Liquids, 

l-ilOT IDs, COHESION OF See Cohesion of Liquids 

IjlCiUIDS, COMPRESSIBILITY OF fieo Com fresvhiltty of Liquids 

Idtjl 1 1 DS, DIFFUSION OF See Diffusion of Liquids 

LlyiUjyS, DISPLACEMENT OF Soe Diyilacement of Liquids 

Ll(jl IDS, FLOW OF heo Plow of Liquids 

Linn IDS, INDEX OF REFRACTION OF Ref raetwn, Index of 

LU^UIDS, LATERAL PRESSURE OF Hco Lateral Pi essure of Liquids 

LToriDS, LEVEL SURFACE OF iiee Leiel Suifare of Liqtiidi 

LKiUIDS, PRESSURE OF, ON THE BOTTOM OF VESSELS See Pressure of 

‘'lUuts on the Bottom, of Vessels 

UtiUIDS, PRESSURE THROUGH ^00 Pi assure through Liquids 
liquids, SPECTRA OF INCANDESCENT Ia(iiiid.< when incandescent giye con.- 
■iiiouB spectradike eohda. (See Solids, S^ecita 0 / Incanduuut. ) 
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LIQUID SURFACES, TENSION OF See Tension of Liquid Suifaces 

LIQUIDS, UPWARD PRESSURE OF See Upward Pressure of Liqmds 

LIQUIDS, WAVES IN See Waves in Liquids 

LISSAJOUS’ COMPARISON OF TUNING-FORKS In the kaleidophon (aoe Kd 
doplum) one and the same body receiver impulses in diSeient directions, and it vibrakn ! t 
different rates in those different directions , the htpires which the end describes marks tlm dff 
ference of rate, and also the difference of phase In order to compare sonorous bodies with one 
another, especially tuning-forks, ivith a view to tost whether a given fork is in perfect unison 
with the normal diaxiason, or in any aliquot relation therewith as to its rate of vibration 
jous reflected a beam of light from one prong of the standard fork m an upright position Uinon 
the prong of the foik which is being tested, fixed in a horizontal jiosition, and thence on t!) i 
screen When the forks are in perfect unison, a straight hne, circle, or more or lo<<s ccccntru 
ellipse will bo described on the screen when both forks arc in vibration, according to tlic plns^ 
of the vibrations If one of the forks be slightly weighted, these curves will not remain n.n 
etant yumlarly, if the two forks are related as a note and its octave, the ffgq^ dtscribid j 
some modifacation of the figure of 8 In fact, the whole senes of phenomena are cxactU like 
those jiresontod by Wheatstone’s Kaleidophon, for the conditions which produce them are essi’i 
tially identical 

LITHARGE SeeZeod, Oxides. 

LITHIC ACID Si^eUiicAcid 

LITHIUM A metallic element belonging to the alkab group Atomic weight 7, sjinhnl 
Li It occurs m very nunute quantities, but is somcw’hat iviciely spread The metal is Mbtr 
white, much resembling potassium in its properties , a fresbly-cut surface tarnishes very rt iilily 
It IB softer than lead, and may be drawn out into wire, and welded together by pressuio it the 
ordinary temperature It is the lightest known solid, its specific gravity being only o 578 It 
melts at 180“ C (356* F ), and at a much higher tempeiaturc burns ivith a most mtiiiso 
white light When thrown on to water it oxidises rapidly, and floats about, but does imt melt 
or inflame Thrown on to stiong mtnc acid it takes fire, burning with an intense white li^lit 
The fuUuwiiig are the most impoitant compounds of lithium 

Oxide of Lithium, (hydrated) (LiIIO) is a caustic alkali, similar to caustic potash, solulde in 
water, and cajiablo of neutralising acids to form salts, which have a great resemblance to the 
Balts of the other alkali metals 


ddoi tde of Lithium (LiCl) This separates from its aqueous solution m crystals, having the 
appearance and taste of common s ilt (chloride of sodium) It is readily soluble 111 watci 
LITHIUM, SI'ECTRUM OF The spectrum of a lithium compound, ignited 111 i spirit 
flame, consists of one intense crimson line, nearly mulw ay between Fr.iunliofei 's U and L' At 
alittle higher temperature, that of a hydiogen flame, fui instance, aycllow line makes its .ipp ir- 
ance , aud at a still higher temperature, such as that of the electric arc, a biilliaut blue hue 
a^ipears (See Spectrum Auali/sts , Speih urn ) 

LITMUS A vegetable colounng matter extracted from various species of locctUa fnirtutut, 
&c It is coloured bine by alkahes and red by .icids, and, on tlus account, is much used in tin- 


preparation of test papers 

LOADSTONE (Leeelan, Sax , to lead ) The name given to the magnetic oxnlo of imn, 
probably from the property it has of pomting north and south if pi opcrly suspended 'Ihc 
magnetic oxide of iron is found m many paits of the world, — 111 Aiabia, China, Reiigal, M ic 
donia, Germany, England It is a hard stone, varying in colour from reddish black to dec,) 
gray It is composed of iron and oxygen in the pioportioii of 73 parts of the foniiei to 27 id 
the latter , its chemical Kymbol is FcsO; It was iliscovereJ by the Greeks, aud probiblv luu'-f 
befoie them by the Chincbc, that this stone his the power of attracting soft iron, and it has .lUo 
long been known to be capable of commumcatmg attractive power to a steel bai which w 
rubbed with it (See Maejnet ) 

LONGITUDE (Longitiulo) In astronomy longitude is used in two different senses Iju- 

longitude of a star or planet is the angle included between two planes, both passing tluough tne 
poles of the eclqitic, one through the first pomt of Aims, and the othei through the 
planet It is reckoned from the first pomt of Awes m the older of the signs from o’ to 3^ 
So far as the stars are concerned, celestial longitude may he regarded as having passed altogct 
into desuetude As regards the planets, I owever, it is obviously convenient to retain the 
celestial longitude, smee these bodies always he near the ecliptic along which longitudes v 
measured (See Geocentric, and Heliocentric ) ju 

But the most important use of the term longitude in astronomy, refers to terrestrial 
or the angle betwe^ two mendional planes, one passing through a particular station, the 
a fixed plane of reference. We may also describe the longitude of a place as tl» arc 01 a 
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cuc’c liavjng the polca of the earth aa poles, mtcrccptcil between the two aforenamed planes; 
01 the arc of tho e<iu.itor intercepted between those planes Loniptude is commonly measured 
eaot or west of the fixed nicridiau through iSo“ Tint raeruUan is different foi different 
countiics In England the mcndian of Urceimich is adopted as the origin ivlieneo longiindts 
arc measured In Pans, the mcndian of Pans is ado^itcd, in Amciica, the meiidian of 
Wa'-lungton , and so on 

The Jeteriimiation of the longitude of any station on the earth, whether on land or on tho 
octan, 1 of tho utmost unpoitaneo to tho astronomical oliSLiitr, the traveller, and the seaman 
The I'loblcm is not an easy one It la not ditiioult to dettimuie the latitude of any station 
since tUcie is an actual change in the aspect of the lie nens (for eveiy hour) with any di vnge of 
latitude Blit in travelbng from east to west oi fioui west to cist, tlicie is no change in the 
.uii'cct of the heavens , the stars scon at any moment in one loiigitude being situated precisely 
as if’i y would be seen, though not at tho same moment, fiom any othei station in the same 
latitude 

Ah iiiothotls of determining the longitude are based on tho f ict that the ajiparent time is 
ihUeieut foi two places separated by any distance in longitude 'I'lic sun or any given star v/ill 
uo-'S the eelo'.tial mendiaiis of tlie two places at diffeieiit Iiours, lud so also any eelestuil pheno- 
11 lUhu ivi'l occur at different houis of apjurcnt lime On tho otlioi h ind, the oeciiiriiice of 
iiij pheiiomeuon induativc of .ii>paicnt time, as the soutliuig of tho sun or a st ir, will take 
jiIaiL at different horns of absolute time 

r<n i»laees on land any method by which the difference of tune at two statinus can bo deter- 
mined vviU hcrvc to determine their difference of longitude Eoimcily the method odojited was 
ti) tiaii'fer chronometers from one place to the othci, repeating the jouiiiey baeku irds and 
fi> bcvcral times lu oitlcr to clnniuvtc as far as possible the iftcitb due to vauation of 

1 1 I' yigiposing that at each station the sidereal time is accurately kiioun, it is evident that 
in i II vv ly, the difference between the sidereal times of tho tw o stations i an bo aecm .itcly 
iiieasuud In modern times, telegraphic signals are more commonly tmplojcd It is evident 
’hit, if Signals are sent fiom one stition to the other at the moment when any celestial pheno- 
iiim as tho transit of a atan takes place, the ditfcience of tune between the two stations tan 
lie accurate ly determined 

Bdipses of Juinter’s satellites afford a rough method of dctormiiiing the longitude, sinee they 
0L< O'- at the same moment of absolute time as eceu fiom (Uffoient parts of the earth If an 
dip I or I'cciiltation were an lustantancous phenomenon, and visible at tho same mouiciit 
'll ituvor telescopic jiower was employed, this method would be tho best o^all As, however, 

I 11.1 II of these eondiUoiis Iiolds, the inethoil is far from eicait Further, the tables of tho 

II otii'iis of these s itellitcs at present in use, arc not evaet enough to give the time of an celixiso 
’ir iieiultation vvith the necessary approach to acenrvoy 

< keiduitnii H of fixed stais by the moon affoid another means of determining tho longitude 
>iiiee iieeiiltations do not occur at the same instant at different btitums, proecssts of calculation 
■ire ie(|uired to deduce the longitude from observations of occultatious 
Tile longitudis of a place can also bo determined liy observations of lunar transits, because 
the h ducal time of lunar transits is not identical at different stations, and tlie ditlerenco of time 
Reives to supply means for calculating tho difference of longitude A form of this method is that 
kuovvii as the “ method by nioon cidmuiatinq stan ” It consists in observing the difference of 
Pidei e il tunc between the transit of a star close to the moon and having nearly tho same 
ilidmation This difference, if exactly dctenuincd, gives the tiuo sidereal time of tho moon’s 
transit, and therefore, aa before, the longitude of the station 
I or observations to be made at sea other methods must be adopted One method is to obbcrvo 
the altitude of tho sun at about that part of the day when his altitude is changing most 
fipidly ’’Phis altitude being detenmned, and the latitude and time of observation known, (the 
utter from the chronometer), the longitude can be calculated 
Till nietliod of determining the longitude by lunar distances depends on the same general 
rnnciplt, as the lunar methods used on land Tho Nautical Almanac bupplies the lunar dis- 
fances of certain bright stars, calculated for Greenwich , and by compaiing the a]>paTent time 
''hen the lunar dibtanco of a star has a given value with tho apparent time at Greenwich 
hen the star's lunar distance has that value, the sailor has the means of determining tho longi- 
tude of his ship 

It Heed hardly be said that in the application of all these methods corrections for atmospheric 
&c , must be duly made 

LONGITUDE, GEOCENTHIC, OF A HEAVENLY BODY Sec Geocentrie 
^NGITUHE, HELIOCENTRIC, OF A HEAVENLY BODY See lleliocmlne 
longitude OF THE PERIHELION. The heliocentric longitude of that pomt of a 
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planet’s orbit which is nearest to the sun It is usually measured upon the ecliptic to the nod 
and thence along the orbit forwards or backwards as the case requires, the sum or ddfcieuce of 
the arcs on the ecliptic and orbit being .taken as the longitude of the penhehon But this ° 
not the ]ust method The only correct mode of exhibiting the position of the perihelion of an 
orbit IB to assign its true heliocentric longitude and latitude 

LONGITUDINAL VIBBATIONS If a smooth slender cylindrical rod of wood be hell 
at its centre, and one end of it be rubbed m the direction of its length with a piece of u.-ish 
leather, covered with powdered resm, a musical note is produced which vanes with tho lcnc*th 
and matenal, and, to a slight extent, with the thickness of the rod The rod is set into a 
senes of longitudinal vibrations The centre of the rod remains at rest, and the two extrrinitKs 
are the pomts in the most violent vibration The first is a node, tho second are the centics of 
segments The condition of such a rod is precisely like that of a pipe of air open at both cnib 
and souiiding its fundamental note (See Organ Pipes ) For the same material and tkehin-i^ 
the number of vibrations in a given time is inversely as the length For the same iii Uon U 
and equal lengths the number of vibiations increases slightly with the thickness Ai tlic 
length of the rod is half the wave length, the latter can be at once measured Since tho pitch 
of the note is the number of vibrations in a given time, by comparing the pitch of tuo uotLi 
produced, one by an open organ pipe, and the other by a longitudinally vibrating rod of tho 
same length as the pipe, or by comparing the lengths of the two when they piroduce the same 
note, the velocity of sound can he ascertained as follows — Suppose we have to use a roil of 
deal, eight feet in length, to produce the same note as that given by an open organ pipe iiu 
inches long The rate of motion m the two media must be inversely as their lengths, mik u 
those lengths arc traversed in the same time Hence the rates arc as i to i6 Acenidin^lv 
sound travels through deal at the rate of 17,600 feet per second The same number !•*, of 
course, obtained by multiplying by 1100 (the rate of sound in air), the ratio betneeii the 
pitches of the notes produced by equal lengths of deal and air 

If a rod, fastened at one end, be set in longitudinal vibration, the fixer! end will bo a node 
and the free one the centre of a segment Such a rod therefore will be represented bv an 
organ pipe closed at one end Accordingly, as before, the numblr of nhrations vanes diiectly 
with the length of tho rod One rod gives tho octavo above another when it is twite os lung 
If two rods of the same length and material are fastened, one in its centie, and the other at its 
extremity, and arc set 111 longitudinal vibration, the one fastened m its centre will sound the 
octave above the other 

If a wiie fastens! at both ends be set in longitudinal vibration, each end will be a node, and 
the middle the centre of a segment 

LONG-SIGHTEDNESS This imperfection of sight is due to the crgstalhnr lens hemg 
insufficiently convex, tlius causing images of objects to come to a distinct focus, not on tliu Ktina 
but a little bchmd it This may bo perfectly remedied by assisting the iiimfiicicnt comivitTi 
of the crystalline lens by placing a slightly convex lens m front of the cyo (See J 'h . 
Spectacles ) 

LOOKING-GLASS See Mirror 

LOOMING A jihenomenon of unusual refraction, by which coasts, mountains, and ship= on 
or below the horizon at sea, appeax elevated abuve it, and sometimes inverted (See 
Unusual ) 

LOSS OF LIGHT BY PASSING THROUGH GLASS SHADES As coal ga> 
almost always surrounded with a glass shade when it is burnt, it is of interest to knm' tin 
amount of loss occasioned by the passage of hght through the substance of which the shade n 
composed. Dr Letheby gives the following table — 

I> 03 s Per Cent 


Clear glass, ....... 12 

Slightly ground m pattern, 24 

Half ground, . . 35 

All ground, , 40 

Opal glass, . . 60 


LOUDNESS OP SOUND The loudness of one sound, as compared with that of ^ 
being a nervous effect, is incapable of mathematical representation If the intensity ot 
sound IB proportional to the bending of the drum of the ear, then it is also proportional to >' 
amplitude of the vibration of the particles of air If it is proportional to the strength o 
blow which the ear receives, then it varies with the square of the amphtude Two no 
one pitch, but of different degrees of loudness, are sounded at such distances fym the car 
they seem equally loud. We find that the amplitude of the vibrations of the "wo notes a 
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car arc equal From tho fact that the sound vanes in mechanical intensity, inversely as the 
square of the distance from the source, it is usual to consider the audible intensity os varymg 
flirectlv with the square of the amplitude 
LOWK’S photometer See Jet Photometer. 

lubricant (Luhrtcus, smooth, slippery , lubricans, maldn*; smooth ) Any substance 
applied to make one body glide over another, or to facilitate the motion of bodies m contact, by 
(luniuisliing friction Viscous liquids are generally used for this purpose, although very finely 
powdorcu plumbago has been found useful in diininishmg friction between highly polished 
metallic surfaces of machinery Lubricants reduce friction by filling up the interstices between 
the pal tides on the surfaces in contact, and so preventing their interlacement Consequently 
the more mscous substances arc used where the surfaces are rough, and the more fluid between 
pohsbed surfaces Thus tallow or some viscous grease is used when metal moves upon wood, 
out, in the case of metallic surfaces only, oil is employed, its fineness increasmg with tho 
h irdnos and smoothness of the metal (See Fnction ) 
luminiferous ETHER See Elker, Lumtruferous 
luminosity of flame See Flame, J/uminosUy of 

LU:MIN 0 US ray, pencil, sheaf, beam, or FASCICULUS These terms are 

applied aliniist indiscriminately , they generally refer to the path of a hue of light of a definite 
uiJtb and thickness A pencil or beam is supposed to consist of a multitude of rays, which 
niay be parallel, convergent, or divergent 
LUNAR, CAUSTIC SeeViirafcs, Nitrate of Silver 

LUN Ml DISTANCES A niethod of dcterminmg the longitude at sea. (Son Longitude) 
liUJv VR THEORY The mathematical analysis of tho perturbations to which tho motions 
of the union arc subject 

An iLcount of the processes by which mathematicians have mastered, or are mastering, all 
Oic pi ^iihantics of tho lunar movements, would be wholly out of place in such a treatise as the 
]ircs<ut We propose, however, to state tho general nature of tho chief phenomena of lunar 
iijntliin 

‘ (>i com cnience, we may regard the earth as at rest, the moon circulating round her once in 
1 riilcreal I mar month, tho sun once in a sidereal year Now, since this imagined orbital 
in >tiiiu of the sun takes place outside the moon’s orbit, it will be obvious that on the whole tho 
.I'tiii* of tho sun must tend to draw the moon away from tho earth, or, in other words, to 
■litMiiii'li the earth’s influence over her satellite But it is only on the whole, that is, m censi- 
iiiu' a complete lunation, that tho sun's action is of this nature When the line from tho 
ij I II to the earth is at nght angles to the line from the sun to the earth, tlA suii evidently acts 
to iiicicase the moon’s tendency tow.ords the earth’s centre On the other hand, when thomnon, 
nr‘li, mil sun arc in tho same line, tlje sun acts to dimmish the earth’s influence on the moon, 
fi 1 It tui ill 10.1 be beyond the earth he pulls the earth more than the moon, that is, be tends to 
I'ull the c irth away from tho moon, whereas, when the moon is between tho earth and the sun, 
the wn pulls the moon more than the earth, or tends to pull the moon away from tho earth in 
cither case then he tends to dimmish the force which tends to draw the earth and moon to- 
getn' r 

2 h( Mooli’s Annual Equation I'ho action of the sun in diminishing the earth's influence over 
the inoou, taking the balance of effects accruing dunng a single lunation, will cle irly be greater 
“r ‘•111 iller according os the sun is nearer to, or farther from, the earth Hence during those luna- 
tioiia uljiLh occur when the earth is near perihelion, the moon’s orbital period will be longer than 
' uiing those lunations when the earth is near aphehon Hence the wmter lunations ore longer 
the Mimnier ones 

F urtlii r, since in ivinter the moon thus lags, while in summer she hiostcns her movements, it 
n ob\ ions that an equation precisely resembling m character that ap2died to tho sun (sec Equor- 
n of the Centre), has to he applicsl to the moon’s mean motion The greatest amount by 
'^hiih, so far os this cause is considered, she gets m advance of, or falls behind her mean place, 
u ^Jout lo' This inequality was detected by Tycho Brahe 
The Moon’s Variation Since the sun acts most strongly to diminish the earth’s influence on 
c'e moon, when the moon is nearly at new or full, or in syzygy, and to increase the earth’s in- 
"'lencc on tho moon when the moon is at her quadratures, we sec that so far os this radial 
'inutnce is concerned, the moon should move most slowly when in syryyy, and most swiftly when 
*'■* Jluadrature, and therefore there must be acceleration in passing from syzv'pj to quadrature, 
®j^u retardation in passing from quadrature to syzygy But in considering tho moon’s motion 
a complete lunation, another mode of action exerted by the sun has to bo consi* 
VIZ ♦ that tangential action which tends to accelerate or retard the moon’s motion directly, 
' it la to h£ carefully remembered that it la not the sun’s action on the moon alune that is 


LUN 


340 


LYR 


here in question, but the difference between bis actions on the moon and earth It v. \ 
common to see the sun’s action on tho moon as she passes from full to new (that is, from fart^^ 
to nearer syzygy), described as accelerative, but in reality it is only in the nearer half of 
course that the sun acta acceleratively, and this because his action on tho moon exceeds C 
action on the earth , in the other half, hia action tends to retard the moon Simihrly as the 
moon passes from nearer to farther syrygy, the sun’s tangential action retards her motion m the 
first half, and accelerates her motion in the farther half It appears then that the radial and 
tangential forces have contrary effects, so far as the moon’s orbital velocity is concerned 
But the tangential force has the greater effect, so that m each lunation the moon’s velocity is 
greatest when she is in syzygy, and least when she is nearly m quadrature The nioc^uahty thvs 
arising is called the moon's mriatim, and its maximum value is 32' This mcquahty was al^n 
discovered by 'Tycho Brahe 

TJte Moon’s Pai aUaette Iruqadltty If tho sun’s distance were indefinitely great campared 
with the moon’s, his disturbing influence would be as great when the moon was traiengii ' the 
half of her orbit which lies farthest from him, as when she was traversing the nearer half ° As, 
houever, though the ratio which the sun's distance bears to the moon’s is very great, it is ict 
not mflnite, there arises a small mequahty due to the fact that tho moon’s distance from tlic 
sun at the time of full moon does not bear to the earth’s distance from the sun, a ratio (juiti 
equal to that which the earth’s distance from the sun bears to the moon’s distance from him at 
the time of new moon The inequality is small, never exceeding 2', but it is (piite recotpuH 
able, and has supplied one of the most effective modes of measuring the sun’s distance, smci 
clearly its extent depends on the ratio which the sun’s distance bears to tho moon's 

Tho changes in the luclmation of the moon’s orbit, and the position of the nodes, and those m 
the eccentricity and the position of the pengee, can only be properly dealt with m a set treatise 
The reader is referred to Mr Airy’s work on Gravitation 

Inequalities dependmg on tho oblatcncss of the earth’s figure, though small, are interesting, 
as supplying the means of determining the compression of the terrestrial globe The estimatii 
compression is 3^17, corresponding very closely with the results which have been obtained b> 
other methods r- 

The Acrdeiation of the Moon's Mean 3 fotion is described under that heading 
The influence of the planets on the moon is insensible, except in the case of Venus, the pecu 
liar relation of whose period to the earth’s (see Venus), causes an mequahty of long penod to 
affect the lunar motions 


LUNATION See Month, Synodical 

LUNI-SOLAB* Keferable to both the sun and moon, — as tho Inni-solar precession, or tie 
total amount of precession produced by the action of the sun and moon 
LUPUS (The Wolf ) One of Ptolemy’s southern constellations It is represented in 
maps as transfixed by the spear of Centaums There appears to have been some doubt ainuiic’>t 
ancient astronomers as to the true title of this astensm They were agreed that it repre^Liits 
some offering which Centaurus is placing on the altar (represented by the stars of Ara), hut 
differed as to what that offenng might be Only a portion of this constellation rises above th< 
horizon of London, and these ore seen under unfavourable atmospheric conditions, yet some 01 
them are included m Plamstead’s list 


LYNX (The Lynx } One of the constellations formed by Hevclms It contains few cf>n 
spicuoue stars, but many objects of great interest to the telescopist, a large propoition of 
lucida being double 

LYllA (The Lyre) One of Ptolemy’s northern constellations Though not of great tv 
tent, this constellation is a veiy nch one The brilliant Vega la its chief orb 'The star 13 eO 
Lynn is a remarkable variable (Bee Stars, Vanat/U ) Between Beta and Gamma is situatu 
the remarkable ring-nebula 57 Messier This is one of those nebulm which Mr Huggins has 
discovered to be gaseous 'The whole of Lyra is nch m objects of interest, the number of com 
pound star systems being surpnsmgly great Of these, perhaps the most interesting to tun 
telescopist is the quadruple system formed by the two double stars e' and e® Lyra To tw 
naked eye these stars appear os one, though exhibiting a somewhat elongated appearance w 
even separable by exceptiontdly acute vision In a small telescope they are seen as a 
double , and in telescopes of considerable power each component is seen to be a close “on ’ ^ 
All four stars appear to form one system, since both and e“ ore recognised bmanes, w 
they are traveUing with a common proper motion. 
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JtACHINE. Any contrivance for transmitting force from one point to another or for in- 
creasing 01 regulating the eftect of a given force The simple viaehines are the leicr, the whetl 
ftnJ axle, the pulley, the mclmed plane, the screw, the wedije Compound machines consist of 
combinations of those simple machines They admit of inhmto variations and adaxitations, but 
tlare are certnm laws found to apply to all machines The work of a machme is measured by 
the amount of resistance overcome m a given time An important empirical law, duo to Euler, 
gives the lelation which must subsist between the speed and the rcsistaiice in order that tho 
ctfcct may he a maxiinum The load or resistance should be about four ninths of that which 
would exactly counteract the power or keep the machine at rest, and tho velocity of tlic point 
01 puints of application of the power should be one-third of their greatest velocity When 
tlu'-etuo conditions are fulfalled the machine will woik to tho greatest possible advantage 
'Hills a mill IV ill do the greatest amount of work m a given time when the nhccl has one third 
of its greatest possible velocity, and overcomes a resistance equal to four ninths of the greatest 
resistiUice against which it can move , an animal will accomplish the greatest amount of work 
111 a given Mine when, it moves with one third of its groatost speed and is loaded with four- 
nmtlis of the greatest load it is capable of moving (Moseley’s jVccAanics Applied to the Arts,, 
(iregory's Medianies , Coriole’s De VLffet des Maelunes ) 

!MA(JIJ bvE (Spots ) The solar spots See Sun 

!MAl)l.)lill The root of a plant belonging to tho order of RulAaeccc, amongst which arc in- 
cluded soma valuable plants, such as tlic cinchona, ipecacuanha, and coffee The madder plant 
I'-tlic //idurt Tnirtona The value of maddei in dyeing and calico pnuling depends upon the 
iiui V itiireiciit colouro which can be dyed by its moans Thus an iron iiioidant gives purple 
diodk fiom delicate mauve to black , another mordant, alumina, gives red shades, fiom tho 
I dc't pmk to deep crimson, including the bnlhant and well known 'I'urkoy red , and, by appro- 
I into adniKture of these mordants, varieties of chocolate brown are produced 'J'hcse colours 
ill viry permanent Tlie-^oloimng principle of madder is ahzarmo (which see) 
MAliJllJiANIO CLOUDS SeeA«6cc«Zcc 
M \( 1 ENTA See Andine 

M * (rJ(J LANTEllN An optical instrument, consisting essentially of a dark box, contain- 
111 i “tern of convex lenses attached to one of its sides, and an arrangement for holding 
u II 'lent pictures a little beyond thopjjnw^xil /ecKJ of the combination o^lonscs A strong 
‘ ut I'oiu an oil or gas lamp, the hmc light, or electric light, &o , being placed msido tho box, 
<iiid Cl) idonsec! upon the picture, tlio convex lenses project a magnided image of tho picture 
iijii',1 I white screen placed in fioiit 
''lAli-M SI V See Magnesium 
Ai; Iv J'.SIA LIGHT See Lime Light 

Id AGN KSl'riiJ Bcg Caibon, Carbonate of Magnesium 

MAGAhSlLlM A beautiful silver-white metvl, much resembling zme m its chemical pro- 
I'Litics Symbol Mg Atomic weight 24 3 Specific gravity I 75 It melts at a red heat, and 
t ikes fire at about the same temperature in tho air, burning with an intenbcly brilliant whito 
li-'lit A w ire or nbbon of magnesium, lighted at one end, will contiiiiio to bum like a wax 
uqi' r, and is m constant use for pyrotechnic and illuminating puiposes, especially in photo- 
-> qiliv, owing te its richness m actinic rays When burning, it evolves dense white clouds of 
' ' "Vide, ill vgnesia Magnesium does not tamish in dry air, but it soon becomes covcied with 
•* white Coating of oxide in tho damp It only forms one oxide which is 
Jlagne-iH (Mg 0 ), a light, white, tasteless, and inoilorous powder, of specific gravity about 
3 J It IS ’ cry slightly soluble in water, communicating to it a faint alkaline reaction It dis- 
b cs easily m acids, forming salts of magnesium, which are for tho most part easily ciystal- 
'J'lljle 

Udnude of Magnesium CaigClg) This is a white crystalline mass of a pearly lustre, melting 
* *’®d beat, and readily soluble in water With increase of temperature the hydrated chloride 
^ b'lj 3 HjjO) crystallises out on evaporation from this solution When this is heated, 
^tcr and hydrochloric acid are evolved, and magnesia is left behind The other salts of 
"^1 be described under the respective acids 
lAbXKT fFrom the Greek udyi/m 1 A bodv whi 


(From the Greek yAyvgs ) A body which has tho property of attracting iron 
uiiuer metals in a particular manner, is called a magnet There are permanen't 
i^***^;^ ■**id temporary magnets The latter are treated of unJer the names ElecUro-rgognct 
te permanent magnets, there are natiirai magnets and o^ijtcuA 
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Naiuml Magnets In Magnesia, a city of LyJia (hence probably /liyuijs), a stono n.n fo, i 
trhich, it was well known to the Greeks, had the property of attracting op drawin'*- to it,elt 
small masses of iron. The Chinese also, as it appears from ancient manuscripts, wore aciiuainte 1 
with this stone, and with oertain other properties which it possesses It is now found in manv 
parts of the world, in Arabia, China, India, Macedonia, Germany, Norway, and lin^land It 
18 commonly called loadstone, and is known to chemists under the name of magnetic ii\ido of 
iron. It consists of iron and oxygen comhincd together in the proportion of about 73 pwti of 
the former to 27 of the latter, and is designated by the formula It la a lic-ii \ hard 

Btone, of colour varymg from red to brown and black This stone attracts iron, and form* 
natural magnet 

If a piefie of it bo rolled in iron fihngs, it will be found, as a general rule, that the ad 
here more thickly to two points at opposite sides of the mass than to any othei parts, md tint 
between these there 13 a region gomg round the mass which has comparatively little attj.ictuo 
power These pomts are commonly called the magnetic pales, a line joining them the m i ii,,t c 
aans, and the apparc-utly attractionless region the magnetic equator Now, if tlic in i,ult bo 
suspended so as to be capable of turning in asiy chrection, it is found to take up a pcculi ir and 
definite position unth regard to the earth In our pait of the earth’s surface the 1 ninn tie i\n 
pomts neailg noith, and south, the same end of it always pointing northward, and, it tin -.anu 
time, it (Zips downwards towards the north — ^tluit is, makes an angle .ncute tow. mb t’u inirtli, 
with the horizontal plane The direction in which the magnetic axis points depi.uds n[>iin tlic 
position upon the earth’s surface, but at any particuhir place and time it is hved and dctiiiiti. 
A full account of this pioperty is to be found m the pioper place 

Agam, if a piece of soft iron be brought near to the m.airnct, it is attracted, and, at tiie « un 
tune, it ac(|uircs the property tempoianly of attracting other masses of iron Thus, a pace i>f 
soft iron may be suspended from the stouo, and to the extremity of that piece iiiotlu i juci . 
may be made to attach itself by attraction, and a third to the second On removing tin' mm 
from the luflucnce of the magnet, liowcvci^ the projicrty of attiaction entirely aamshc-, fnini it 
Thus phenomenon is called magnetic inauction, (heo Luta'Uon, Magnelir ) Lastlj, if 1 lui i>f 
haial steel bo lubbed fiom ond to oiul with the magnetic stone, it acquiros the pi ij'citj 


manently of attracting just as docs the natural magnet, and hence we come to 

Artificial Magnets Under this head wo shdl dcscube more particularly the pioporties 
of magnets with the preliminary rcmaik, that all we have to say applies cijually to th- u I'uial 
magnet, except that, owing to its usually uregular shape, some of these propcitu s d<> ii"t tli 
play themselves sc^dehmtely, and arc more difhciilt to e\atnme in it 'rhe methods of i' iloiu 
artihcul magnets are described under Magnetisation The best magnets ore foinud of c u-t 
steel, which is made as hard as possible, m the first instance, and aftcrwaids let down to i 
temper somewhat below that known as “ drill tempei ” Magucts are guici illy 111 uL titlicr 
in the form of a straight bar, or of a bar bent round into the form of a horse sboi T'lt lioi'c 
shoe magnet is must convenient for lifting purposes, but foi many otheis the bii unguct bc-t 
Compound magnets, formed of a number of plates, each sep ir.itcly magnctisod and ilnii 't 
tached together, arc also frequently used, tho magnetic power obtained m this way n-lb''* 
than in the simple magnet of eiiual weight As has been remaiked, these otccl b li' ou 1 
rubbed with the loadstone, become themselves permanently magnetic, and they aho acqinu tlic 
power of magnetising other bars by making a large number of weak magnets, and afti 1 w 11 lU u mg 
them 111 bundles to magnetise each other, or to m^cc new magnets, a very high degree of j) on 1 1 la 
be obtained The natural magnet seldom possesses very great power for lifting b iiu 

proved if it is trimmed into a regular shape, the poles being kept as f ir distant as po>'il>' 1 ' 
funublied with armalu'i cs (q v ), which consist of soft iron pieces attached to the ni.i ^.nci m m ^ ' 
covering the poles, and brought round so as to project beyond it in the form of two feet i'‘ 
this way the hfting power of both poles is brought to bear upon the same mass to bi 
Even prepared in this way the natural magnet rarely lifts more than its own wci^lit 
are some remarkable instances on record 111 which this has been exceeded, but thi y •i.rc >- 
The hftiiig power of the artificial magnet depends much upon its form, and the w aj m w 
it has been magnetised Dr Knight was particularly successful with his method of ‘ 
touch" (q,i ), whethe’ it was from any peculiar advantage in the method, or from bis 
Beveranee and skill But by far the most powerful permanent magnets arc obtain 
magnetisation by means of the electric cuirent This is performed by placing the 
magnetised in a spiral, through which an electric current is passing, and movmg it 
and forwards along the axis of the spiral In this way Logeman of Haerlem obtmned mag 
of which would bf t twenty-seven times its own w eight, and w hich were exhibited at the ^ 

the British Asaociatvm in 1850 by Sir David Brewster. The liftmg power of Oimagnc 
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increase m simple pioportion to its mass Hacker gives a formula to express P the ivciglit bfted 
bv a magnet whose own weight la \V. ^ 

P=cex w’J 

that IS to say the weight lifted, P, is equal to a constant a, which depends upon the method of 
magnetisation, multiplied by the cube root of the square of the weight of the magnet Thus, if 
a magnet weighing i pound lifts lo pounds, a similar magnet simihirly magneti->cd and weigli- 
ing 8 pounds would only lift 40 pounds It is found prefciable, 111 order to obtain tin- greatest 
amount of lifting power, nistead of using a large compact mass of steel, to magncti&e a number 
of thin plates of the required shape and afterwards attach them together This is done by 
means of a soft iron armature which is fastened ovti the cvtiemities of the bars, and which, in 
contact w’lth them becomes, as has been already evplained, itself a magnet Also 111 older to 
peesene the power of a magnet, another soft iron pieco is made use of, which it called the 
iiyci In the case of the horse shoe magnet, the keeper is a straight piece of very “ioft non 
put 111 contact with both poles In the case of bar magnets, two orinoro are genci illy laid side 
b) s.de with their opposite poles (see Ma'jnettsni) towards the same parts, and a soft non keeper 
at each end connects them 

Piwiit of Saiuralion , Cocrcitiic Force In magnetising a, bar with a very powerful magnet, it 
li found that it is possible to communicate to it a gre itei amount of pow t r tlian it c in retain 
pcnnaiently There is, m fact, a limit for any particular bai to the intensity of poimuient 
m ignctis.ition , and if the bar be magnetised to a higlici point it gradu illy loses its in ignetism 
till it reaches this limit, after which, under oidinary ciicumstanees, it roiuaiiis const iiit 'J’he 
liar when magnetised as highly as possible is said to be aatwated or to be mutjncttwL to saliaa- 
The point of saturation depends entirely u^ion the molecular condition of tho steel It 
]ms been alicady remarked that soft iron his not tho slightest power of ict lining magnetism, 
wliilc hard steel possesses this faculty to a vcryhighdegieo , and it is found also tliat in igiietisa- 
tr n by induction takes place with greater reaihncss in soft non than 111 steel Theie apjiears 
tn IjL a force depending upon molecular arrangement which acts to prevent the assumption of 
tin sir nod or polarised condition of the steel bar, but winch, whin oneo this strained condi 
< mu has been taken on, in a siinilai way prevents the loss of it, or the change back to the natu* 

1 state This force generally goes by the name of tho coermfite /ouc, though it cannot be 
Saul that anything very detimtc IS known respecting it As a matter of fact, however, what- 
ever changes the molecular condition of the bar alters tho jxiwer which it has of acquiiing and 
II 1 1 mug inagiietism A soft iron bar, if it be hammered or twisted while under tho iiillutnee 
f i. uaghboumig magnet, may be permanently magnetised , but that which most of all affects 
t'lw leteiitive powers is the temper of the metal Change of temiicr Jit p‘e also produces an 
• ‘kC upon a magnetised bar , the magnetic force being always diminished the ti'mi>eraturo 
iisL^ If the changes are smaU, the bar does not permanently alter, and on cooling it again 
rcsuiiUH its former force , but on being strongly heated it permanently loses a certaiii amount 
or its power, tho loss depending on the temperature to which it has been laised , and when it 
all nus a red heat it becomes completely demagnetised On the other hand, alteration of 
temperature may be made a means of magnetisation , thus if a bar be very strongly heated, as 
to itdnesB, and then suddenly cooled while between the poles of a powerful magnet, it may 
permanently attain a very high degree of mimetic intensity 
Pistnbatio'ii of Maijnetum in Permanent Miujneti It has been already stated with regard to 
natural magnets, that there are in general two points at which the magnetic force of the magnet 
nfipears to be concentrated This is even more evident in the case of aitificial magnets If, 
for example, a bar magnet be thrust into a mass of iron filings, they are found to cover the 
cxtrcuiiticr, hanging from them in thick bunches, while to the middle of the magnet, little or 
none adheres, and from the middle to the end, the quantity adhering is easily perceived gradu- 
ally to increase Coulomb, by oscillating a small needle near to diflerent parts of a large bar, 
CKainined the distribution of the magnetic force at different parts of it lie found two places 
of greatest intensity, one at a short distance from each of the ends , thus in a bai 8 inches long 
he found them 1 6 mches from the extremities But what is really the case woth regard to 
Magnetised bars is this, that they may bo considered as being made up of small clenientaiy 
bars, each of which is itself a magnet, and that the force at any particular pomt is the resultant 
mree of all the elementary forces acting Thus a bar magnet may be broken up into a number 
of very small pieces, and, when these are examined, each of them is found to bo a magnet 
aving its north and south poles lymg m the same direction as those of the bar from which it 
** “*^hcn These, if again put in contact, as they were before breakmg, will give the some 
the onginal magnet 

rhe properties of magnets are treated of under Magnetism, Attraction and Repulsion, May- 
, Indflu^ianf MagnetvSf and. other names under wl^h they are kno ivu The directive infla- 
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cnce of the earth, which was adverted to at the beginning of this article, is considered unde 
Magnetism, Terrestrial ^ 

MAGNETIC ATTRACTION AND REPULSION See Attraction and Repulsion ilan 
netic , also Magnet, Magnetism ’ ^ 

MAGNETIC AXIS See Ans, Magnetic 
MAGNETIC BATTERY See Battery, Magnetic. 

MAGNETIC CURVES See Curies, Ma//netic 

MAGNJITIC DECLINATION See Dedinatim, Magnetic , and Magnetism, Ten esU lal 
MAGNETIC DIP See Bip, Magnetic , axiA Magnetism, Terrestrial 
MAGNETIC ELEMENTS The magtietie force at any place on the earth’s surface is 
completely defined if its direction and magnitude aro known, and these are commonly 'ni en liv 
stating the magnetic decimation, inclination, and intensity, which are called the mn/iutu' 
elements The declination m the angle which a needle free to turn in a horizontal pKno niikts 
with the geographical mcndian , the inclination is the angle which a needle, free to tinn m the 
plane of the magnetic meridian, makes with the horizontal piano , and the intemitg is thi 
absolute amount of the magnetic force at the pLice, and is measured by ascertaining the leloiitj 
which would be imparted to a magnetic pole of unit strength, and unit mass, m unit tunc 
For the present year ( 1870 ) the magnetic elements are as follows at London — 

Declination . I9°55" W 


Intensity, 


Inclination 
Horizontal Force 
Vertical Force 
Total Force 


MAGNETIC EQUATOR 
Terrestrial 


67°S5' 

383 

9 49 
10 24 


Umts being feet, 
grains, and sccoiuh , 


See Equator, Magnetic, and Actinic Line, and Mngiut 


MAGNETIC FIELD See FuM, Magndir 

MAGNETIC FORCE, LINES OF See Lines of Force, Magnetic, nnUi Field, Magnttu 
MAGNETIC INCLINA'IION See Dtp, Magnetic, and Magnetism, Terrcstiial 
MAGNETIC INTENSITY See Intensity, Magnetic, md Field, Afagnetie 
MAGNETIC MACHINE , or, Magnetic Battety See Batteiy, Magnetic 
MAGNETIC MERIDIAN The plane of the magnetic meridian at any place is a \eiticil 
plane passing through the two points whore the axis of a magnet, free to turn m a linn/niitil 
piano, cuts the horizon Duperry gave the name magnetic meridians ” to a system of ciim,-. 
which would be traced out by moving always m the direction in which a decimation comp 
points These lines all terminate in the two magnetic ptiles, one in North America ami tli' 
other south of Australia (see Magnetism, Tei i esti utl), emd bear somewhat the same ri.1 ifnm ti 
each other and to the magnetic parallels as the geographical meridians do to each othci iiuL to 
the parallels of latitude 

MAGNETIC MOMENT A term uswl m the mathematical theory of magnetism mil 
in magnetic measurements In a uniform magnetic field two equal and oppoMte forci - 1 k t 
upon the poles of the magnet tending to set it so that the line joining the pnlci iui> I'O 
parallel to the line of magnetic force The nature of this tendency is thus that of a eouple , uul ic 
the magnet be placed pcrpcndiculai to the lines of force the amount of it is proportional to tl’c 
intensity of the magnetic held, the strength of the poles, and the length of the magnet In * 
field of umt intensity, therefore, the couple will bo measured by the product of the munhcis 
expressing the strength of the poles and the length of the magnet, and this is termed tlic 
magnetic moment 

MAGNETIC NEEDLE See Needle, Magnetic 
MAGNETIC OBSERVATORY See Observatory, Magnetic 
MAGNETIC OXIDE OF IRON See Iron, Magnet, Loadstme 
MAGNETIC PARALLELS Lines drawn by Duperry at right angles to the magnetr 
meridians {qv) They bear the same relation to them that the parallels of latitude do to the 
geographical meridians 

MAGNETIC POLES It is found that the places of greatest manifestation of magnetic 
force occur near to the extremities of a magnet, and these points are very generally called the 
poles of the magnet. The notions attached to the name peke, as used in common parlance, is, 
however, frequently very vague. Mathematicians define the poles of a magnet, with refer* nee 
to the imoguiary line called the magnetic axis, as the pomts where the magnetic axis la ttrnn 
Bated by the surface of the magnet on each side 

MAGNETIC SATURATION See Saturation of a Magnet and Magnet 
MAGNETIC SOUNDS If an iron rod which is surrounded by a powerful o^il is .jjj 
rest on a sounding board, and if currents are then sent through the cod, a tick is beara t 
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the nwl each tune the cuirent ia broken This noise has received the name of the mngnetic tick 
If the current be suddenly caused to flow, and suddenly stojipcd by means of an ordinary contact 
breaker, or with the aid of a file (see BicdL), the tick is heard at each stoppage of the ciiiient 
The noise 13 attributed to a sudden shortening which the iron bar experiences on being iloiuagnet- 
ised wreitheim showed that at magnetisation a bar is slightly lengthened, aiul at dtiii-UjUet- 
isition slightly shortened and Joule, experimenting on the subject, found in one cise an 
elongation of xsTi’floir of the whole knqth of the bar The sounds produced m this ni inner 
haie lieen made use of in the construction of an acoustical telegraph instrument (Soo Tdc- 
yhonc ) 

hi VGNETIC STOKM Humboldt gave this name to violent disturbances in the earth’s 
magnetism whitb take jilace fiom time to time The magnetic elements, that is, the di i 'ma- 
tmn, indiuation, and intensity, arc perpetually nmlciginng gradual and peiiodical thaugo 
(>,LL 3 I(i</nttiam Terrcsbial) , but bi sides those, thcic arc sudden and great alterations in them 
uhicli take place irregularly 'Tims a line traced out by a Bolf-rcgistcnng declinometer or 
mLlmomcter i& ilways curvcil, and generally juosonts a regular wavy appearance , but bf sides this, 
Midden abrupt changes in its contour are displaced at times, indicating unusual distuibance 
It was soon observed that these disturbances have close comiectioii with certain meteorological 
phenomena, uid lienee Humboldt’s name, ma'jnitie storm It is found that a in igiiotio stoiui is 
the um\ trsal coucoimtant of the auroia borealis “ In tbc elay that precedes the night in which 
an aurora borealis should appear," says Dc Hive, “the declination of tho nccelJo to tho 
nest IS dways sensibly increased lo', 20', 30', and even more 
“At the middle anel end of the appearance the needle deviates, on the contrary, more to tho 
Last til in it should do in its normal state 

“bill illy, the needle frequently undergoes, during the period of the phenomenon of tho aurora 
borealis, iiiegular oscillations, the amphtude of which may be some minutes of a di gicc ’’ 

'I'lic sunc IS found to be tho case with tho aurora australis, and the other in ignitic elements 
am likcu ise atfected by them The influence of a magnetic stoim extends itsilf ovir very 
largi portions of the globe simultaneously it has been found that an auroia visible only m 
Anieina or lu Siberia is sensible to the magnetic needle at Pans 
liiltle or nothing is known of the origin of tho magnetic storm or of tho aurora The' aurora 
is putty generally supposed to be due to electnc discharges tailing place thioiigh thcatti nuated 
til it a distance from the earth’s surface, and the effect upon the needle to bo that of i dis- 
ihiigL taking place near to it , but wbeiico these discharges and tlio electric excitement that 
jimilncLs them come is unexplained Sabine showed that foi m igiietic stoj^us then is a decen- 
nial pci loil of greatest frequency, which occurs suimltanoously with a maximum jieriod observed 
for luioras, aiul that this time comtides with that of the greatest frequency of sol.ii spots 
It has been fully confirmed, that tho occurrence of unusual sun siiots is attended by unusual 
inaguctic disturbance 

'MAGNETISATION, or the making of artificial magnets, is performed in two prinripnl 
"ajs, fiist, by contact with other magnets, natiiril or artificial , anil, secondly, by means of 
tile clutnc current I’he making of artificial magnets requires gieat care, otherwise they are 
sure to be unevenly magnetised, or perhaps even to jiossess ronsrtjiimt points 'I’liiro are three 
methods by which tho contact of other magnets is applied to mignetised bais these aio com- 
iiioidj tailed the methoil of single touch, sepinated toiiili, and douhlc touch Magnetisation by 
loi//* touch IS the simidest, and is pcrfoimcd in the following way Tho bar to bo itiagTictised 
IS Lucl on a table, and stroked fiom end to end with one extremity of a m ignet, tho stiokiiig 
alw ij s taking place in the same direction, the magnet being lifted off after each stroke, and 
brought back to the first end again After twenty or thirty aiiplications the bar is turned 
01 er, and tho same operation performed on the other side, and the same do a lion When 
tins IS done, tho bar will be found to be magnetised , that end of it at whicli the niiiguetiser 
alwajs left it possesses the opposite magnetism to that of the pole with whicli it was stroked 
It IS very difhcult by this method to give even magnetisation, nor are the magnets produced so 
piwerful as those made bv the methods about to be described Its recommendation is its sim- 
rUcity ^ 

hlagnetiBation by separated touch was invented by Dr Knight in I 745 i afterwards im- 
proied by Duhamel As now performed four maguets are used Two of them arc placed on 
their poles a short distance apart, the opposite poles being near to cacli other, and 
c bar to be magnetised is placed with its ends resting on them Two other magnets arc then 
and placed with their extremities, one a north end, the other a south cud, resting in the 
Middle of tho bar, a little billet of wood being placed m the middle to prevent the,^n from 
^uchitig Tj^ magnets are then drawn out to the ends of the bar as ( venly as possible, the one 
m>Ee north end rests on the bar gomg towards the extremity of the bar that rests on the 
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north end of a supporting magnet The magnets, when they come to tho ends, are lifted 
up and brought back without touching to the middle, and again drawn outwards iii the saiut 
way. The bar is afterwards turned over and stroked similarly on the other side This method 
gives very powerful and at the same time very even magnets 

The method of double touch was mvented by MitchelL Four magnets are also used m it the 
arrangement bemg similar to those for separated touch , but m strokmg the bar, instrid of 
drawing one magnet to each end, the two are moved backward and foiward together fiom end 
to end, and fimilly lifted off in the middle Very powerful magnets are made by this inctliod 
but they aie wanting m evenness But by far the most powerful magnets are obtained frin.! 
magnetisation by means of the electric current The b.ar to be magnetised is placed m tl l 
axis of a spiral of copper wire, the spiral bemg at the middle of the bar A poiveifid clectiit 
current is then made to pass through the wire, and the bar is moved backwards and fern uds 
in the direction of its length After a few passings, it is again brought to its old position uiili 
the spiral in tlie middle ot it, and the current is stopped Extremely powerful magnets iieiu 
made in this way by M Ehas of Haerlem, and Logeman, who, however, kept the details 
their process secret 

MAGNETISATION OF LIGHT See Ctccular Polarisation, induced by Magnetic Action 
MAGNETISATION PRODUCED BY THE SUN’S RAYS It is bomcivliat donbLlul 
whether sunlight fahimng on a steel needle will confer magnetic power on it Sonic cipcti 
mentalists have recorded that by concentrating the violet end of the spectrum u]>oii uul mil 
of a needle, it conferred magnetic properties upon it, but others have repeated the expciiiumt 
unsuccessfully It is possible that some such action would be produced under favouiahle m 
cumstances, but the experiments require verification 

MAGNETISM The science of magnetism treats of the properties of certain bodies c.iIIliI 
magnets, which are primarily luiown from the power they possess < ' ' ■ ' 

its comftounds It will be our business here to unfold these properties i 
of the magnetic to other known forces , but smec, owing to the arrangement of this ivoik, the 
particular portions of each subject are necessarily discussed under their respective i)utimlir 
names, wc sliallbe obliged to assume, to avoid circumlocution, that the leader is alreaU to i 
certain extent .vcijuamted with some of them, merely giving references here which ui'l tnilA 
him to molce Innisclf so, if he be not Under the wonts Magnet, Magnetisation, will be fouml oi 
account of these bodies themselves, and of tho method of m iking them , wo shall gcin i ilK 
throughout this article understand hy a nuignit a bar of steel endued with the jiiopLily el 
attracting iron and with curtain others which wc are about to specify 

Uisti lb J.'' ion of Alflgnelic Foicc If a small ball of soft iron be suspended by a thicad, and if 
a magnetised bar be brought near it, it will be found that each end of the magnet will alti iit 
the ball, but that the middle of the bar possesses no attractive power at all Or if i siii dl 
cylinder of iron suspended from the arm of a balance be used, and a magnet passed fiom m I 
to end under it, it may easily be shown that at the cxtrcimties of the bar there is a vciv p'oi' '' 
fill attractive force which gradually diminishes to zero .is we approach the middle I'ln sn il 
thing may be aery beautifully ehown, if the bar be rolled m iron filings , the filings adlu-ini-,' 
to tho different parts of it in proportion to the attraction which those parts possess It l>i’ 
been shown by Coulomb, by means of hia torsion balance, that two points of inaxmnmi attr w 
tion exist, one near to each end of the magnet, and these are frequently called the poIc'> <<f tlit 
magnet Coulomb showed that for a short bar the distance of the point of greatest iiitcii-it. 
from the end is one sixth of the length, and that the thinner and longer the bai is the m. mi ■' 
this point to the extremity of it With regard to the internal distribution of the foicc lint lit’ ' 
that IB satisfactory is known Coulomb tried to examine it by tying bundles of bars together in'l 
determining their combined as well as their separate force Nobili also mvestigated the subji-ik 
and he found that the force obtained by puttmg magnets together in this way docs not at i i 
increase in proportion to the number of bars It appears also from other consideration'' that 
in a magnetised bar the mtensity of the magnetisation decreases as we go towards the inttrior, 
and that it may be looked upon as made up of layers of magnetized matter, the lusido laji-Ri 
being less magnetised than those exterior to them When a magnetised bar is broken up it u 
found that each little portion is itself a magpiet, its poles being m the same direction witli 
regard to each other os were the poles of the entire magnet , and if the pieces are again put "i 
contact, the origmal magnet is reformed with no alteration, except, perhaps, a httlo wcaktiunj 
of magnetic power due to disturbance in breaking it 

Action of Magnets upon Magnets It is well known to all, that a magnet, when suspended so 

to be capable of turning round a vertical axis perpendicular to its length, places itself ° 
point nd-arly iioith and south, the same end invariably pomtmg m the same direct,ion Of 
the manner’s compass la a sufiiciently familiar example. From this property oud end is nu 
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miislicd fiom the other , and by English writers that end which points northwards is cilled the 
noithcnd, that which points southward the Boutk end Continental writeis designate them 
differently and with more reason (See Mu pu-lUm, 2 'a i cati lal ) If two magnets be bionght 
near to each other, north end to south end, attraction takes place between them , if, on tlu other 
hand, a north end be presented to a north end, or a south end to a south end, repulsion i^ iiiaiii- 
fested Hence wo have a distinction between the forces eterted by the two ends of a in igiiet, 
and the rule that Ziic jiolcs repel cat A other and indike att)uct The laws which goieiu the 
action of one magnet upon anothei were cYamincd by Coulomb m tlie case of \eiy long and 
very thin bars by means of his torsion balance , and he came to the conclusion that but/i Jui 
attiartioii and repulsion, the force excited bctiieen tuo poles taiies iniersth/ with the stptaie of the 
(iistiinie bctiicin them, and thatfoicis equal in amount, thovqh opposite in dtieciion, cut iioltd bq 
the poll 1 of the same maqnct upon one jiolc of anotha inaqnit These laws, when matlieiu itically 
exiiresscil, have been always received as tho foundation of the dyminics of magiielisiii See a 
p iper by Sir W Thomson in the rhiloaophicai Transactions, Part I foi 1S5 1, on “ A Muthenuili- 
lal Thcoiij of Maqnclism ” 

Action of Maqncts ujmn Bmhes not in themselves Magnets It is mentioned above, and has 
long been known that magnets attract soft iron This is due to the piopeity which m ignets 
have of conferring upon certain bodies, not m themselves magnets, tcinjioiai 1/ magntlism , and 
tlie action which goes on w called maqnctit induction If the ends of a bar of soft iioii m the 
IK ighbmiiliood of a permanent magnet be examined, they willin' found to possess ill the piopcr- 
ties of a magnet Thus, if the north end of a magnet be brought near to ore i lul of tho soft 
iron b u, it wdl be fniinil that both ends of the latter have an attractive power foi othoi misses 
of soft non, and that tho end near to the petmaiient magnet is a south jiolc end, tin u mote 
tiid a north pole The induced southern magnetism 111 it ind the noitlKiu nngmtism of 
perm incut bars attract each other licpiilsion of coiiise takes place between llio induced 
nintluiii magnetism of the soft iron bar and the northciii inagnetisin of the peini.uieut in.igiu t, 
hut owing to tho (htferonce of distance m the two cases, the attraction on the whole piev ills 
Ihis luduetivo effect may be propagated still farther Thus, suiipose a siiiiill cylmdei of soft 
iron to he illowcdto attifch itself by attraction to a magnet, magnetism of the kind smni ir to 
that of the pole with which it is m contact is devclo2>ed at the remote end of it liy means of 
tins a Mccoinl cylinder may bo attiacted, induction taking place m it also , and m the s.inu way 
a third and fourth As soon, however, as tho cylinders are removed from the inlliiciici of the 
magnet the attraction which they have for each other at once ceases , the whole chain f ills to 
pieces, each cylinder having returned to its natural state So much hasjong been know 11 with 
rcgaril to the action of magnets upon bodies not permanently magiictiBcu^ and it was also known 
that a few other bodies, such as nickel and cobalt are similarly affected, but it was iisiivcd 
for I'ar.iday to show that every body without exception is subject to tho inagnf tic inllucnce, 
and fui him and Thomson to revolutionise the whole magnetic theory 

According to Faraday's explanation, the action of a magnet is to be conceived of as spread- 
ing all round it in “Zincs o//orcc ," and he speaks of the space through which the m.i^iictic 
inUniAico is\ten([s aa a," fidd of force" or a magnetic JUUl Close to the magnet, the bins of 
force are very concentrated, and the intensity of the magnetic held is very great , the lines of force 
then radiate out in all directions , they are not, however, straight lines, anil the mtciisily decreases 
the farther wc proceed from the magnet He showed that all hodics may be placed in a ''Ciies 
according to the tendency which they have to occupy the intense portion of the magnetic lield 
The following la his arrangement of them — 


Iron 

Crown Glass 

Copper. 

Cadmium 

Nickel 

Platinum 

Silver 

'J’m 

Cobalt 

Osmium 

Lead 

Zme 

Manganese. 

Air and Vacuum. 

Water 

Heavy Class 

Chromium, 

Axsenic. 

Mercury 

Antimony 

Cerium 

Ether 

Sodium 

PhoHjihuruB. 

Titanium. 

Alcohol. 

Flmt Glass, 

Bismuth 

Palladium 

Gold 




Suppose now that a mass of soft iron is suspended in air in the vicinity of a magnet Since 
the iron has a greater tendency than the air to occupy the part of the magnetic held of highest 
intensity — that is, the part nearest to the magnet— it moves into it , m fact, it is attracted On 
the other hand, a crystal of bismuth possesses less tendency than does the air to occujiy a place 
of high intensity, and it therefore gives place to the air — that is to say, it is rejielled The 
*®iiie 18 tn^ of these bodies when they ore placed m vacuo, air and vacuum having the some 
’‘‘■ffnetio power , nor is the result altered by mcreasmg or diniinishing tho density of the air. 
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Hence Faraday was led to assign to air and vacinim the rero of magnetic power, and to call 
those bodies which rank above vacuum, such as iron, paramagnetic bodies, those svhich, like 
bismuth, rank below it diamagnetic bodies The word magnetic, he says, ought to bo general 
and to include all the phenomena and effects produced by the power Wo regret that our 
does not permit us to enter more in detail into these wonderful discoveries An account of the 
experiments which led to them is to be found under Diamagnetism, , and under Lints of Force 
and Field, Magnetic, arc given the outlines of that which now forms the basis of the matlienn' 
tical theory Faraday’s own beautiful experiments are published in the Phil Trans , 1846 
1849, 1 ^ 5 ° 9 those specially on Lines of Magnetic Force, in 1852, and in the Eoyal lubti’ 
tution Piocccdings, Jan 23, 1852 

Ej}eit of Magnitism on Light and Heat Information on this subject will be found under 
Circulai Polarisation induced by Magnetic Action We merely mention the effect liore When 
a ray of light or heat passes through a Nicol’s pnsm, it is polarised ^ and a second Niool’s piiim 
placed so tli.it its principal section is perpendicular to that of the first, completely cuts off the riy’ 
But when certain subst.inces are put between the two prisms, tlie light or heat appears again, the 
jilane of polarisation having been altered This is the case with light, as was shown by Fara 
day (Phil Tiuns , 1846), if a plate of glass, under the influence of the poles of a very pimirful 
magnet, is arranged m this position, and it was from experiments on this subject that he uas 
led to his discovery of diamagnetism Wartmann subsequently extended the observ.ition to 
heat when a plate of rock-salt is similarly used The laws of this phenomenon were caiefullj 
examined by Faraday, and afterwards by other obseivers, and the amount of rotation by various 
transparent bodies recorded 

I'/ie Dll ective Action of ihe Faith upon Magnets is treated of fully under Magnetiim, Tims 
trial , and the action of currents upon magnets, and of magnets upon currents, under LliUio 
Maipnetism and Magneto-Flerti ic Induction 

Theories of Magnetism The first theory of magnetism, leaving out the old poetic theonis of 
the Greeks, which endowed the magnet with a spirit, or supposed it to omit an effluvium which, 
spreading from the magnet, seized and dragged the iron towards it, assumed the cMstcnrc of 
two magnetic fluids, a northern fluid and a southern fluid These vVere supposed to lUtut 
each otlicr, and to be each of them repulsive of itself In the natural condition, a 111 iss of iron 
contains these fluids intimately united, and in equal quantities, and the whole miss is theu in a 
neutral eoiidition , but when a mass of soft iron is brought near to one polo of a magnet, tin 
fluid at that jiole attracts the opposite fluid which pervades the iron bar towards itself, ind le 
pels the other, namely that which is similar to itself, to the remote end of the bni , and so the 
soft iron becomes for the time a magnet On removinjf the magnet, the two flonls meet to 
gether again and recombine In the case of steel, however, things arc somewhat different , for 
in it exists the coercitne forre which, m the first place, acts against the sepaiatioii of the two 
fluids by induction But when the separation is accomplished, as by one of the proeessis cf 
magnetisation, the coercitivc force acts so as to prevent their recombination, and thus ive haic 
a peimanent magnet According to this view, however, if a bar of soft iron were dividLil in 
the middle while under the influence of a masmet, or if a permanent magnet were broken, one 
half would have an absolute charge of northern magnetism, and the other of soutlieni lu.i, 
netism , but this we know is not the case, for the pieces of a broken magnet pu 
sents a pole at each end, and, in fact, such a thing as an absolute charge of one or other fluid 
IS altogether unknown to us To meet this difficulty, it is supposed that the mnkeule', "f 
which the magnet is composed, contain or are surrounded with these fluids, and that the action of 
indiictiuii or of magnetisation is to separate it with regard to them Each bttle molecule would 
thus be a magnet, and the aggregate effect of them would be to give poles at the cxticmities of 
the bar, such as those which wo know magnets to possess 

A more recent theory supposes that all magnetic substances, such as iron, nickel, cobalt, arc 
comjiosed of particles each of which is a jiermanent magnet, but m the ordinaiy unmagne 
tised state, the little magnets have their poles turned in all directions, so that one neutralises 
the effect of the other The process of magnetisation, whether by mduction or m any other 
way, 13 considered to have its effect in turning all the north poles one way, and the south poles 
the opposite, and thus produemg the northern and southern forces as general resultants of 
the whole. 

The celebrated tbcoiy of Ampfere is veiy different from any of these Observing the inti 
mate relations of electric currents to magnets, and the attraction and repulsion exerted between 
magnets, and wires transmitting currents, and also between two wires, each of which causes a 
current, he formed the theory which we shall now explam We must refer, however, to our 
article on Llectro- Dynamics and Electro-Magnetism for the proofs of some of the fact4 Sspp^se 
that we have two hehces of copper wire, or solenoids, aa they are called, and that the cuiren , 
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after entering, passes through the hdix always in the fhrection of the hands of j, watch , and 
let these he made moveable about an a\is, jxjpcndicular to the axis of the liulix Then, on 
bnn'nng near to each other the ends at which the cuiTcnt enters, or the ends at which the cur- 
rent leases the solenoids, icpulsionwill be found to falvC place , and on bringing iic.ir one of the 
ends at which the current enters, a solenoid, and the end at which it leaves the otlici itti ac- 
tion IS exhibited just as would be the ciso if the like and unlike ends of two magnets wcic pre- 
ented to each other Moreover, if the iioith end of a permanent magnet be brought near to 
the c’ld at which the current enters one of these solenoids, that end is attracted , and if it bo 
brought near to the end at whiih the current leaves the solenoid, repulsion takes pLice 
Lastly, a solenoid free to move obeys also tlickawrs of terrcstiial directive force, just as does a 
magnet Amplre, therefore, supposes a magnet to be practically a solenoid, in which tlie ciir- 
rriit enters at the south pole, and travels in a spiral round it to tho north, the motion taking 
pheo, so that an obscivor, looking at the south polo, would see the current move m the diiec- 
tion of the hands of a watch He supposes that magnetic bodies m tbcir natural slate aio 
made up of molecules, round which currents are alvvay s tircul vting, and tliat, when nnmagncliscd, 
these currents are circulating in all directions, and thus the effect of tho whole is neutral 
But when the body is magnetised, the ciiiTcnts are all tnnied round so as to flow in one direc- 
tion, the direction being that of the liands of a watch to an observer looking on tlie south pole, 
while tho north pole iioints away from him The general effect of the vvliole is t>) picsciit u 
body at whose exterior currents are circulating, and which acts precisely as a solcinud would 

MAGNETISM, CORRELATION OF Numerous illustrations of the connection of iiiiigne- 
tism with the other physical forces are to he found in consideration of tho jihenomcna discussed 
throughout this volume It is to he ohseivcd, with respect to the dynaniic il rcl ilioiis of in vgiie- 
tisin, that they differ essentially from those of mechanic il force, heat, light, clcctiicity, motion, 
chemical action, each of which, when properly directed, yitcK r/w tu the othei forces Mag- 
netism is static, and that it may occasion kmetic phenomena motion must be super iddcd to it , 
its action is directive, not motive , it determines the conversion of one kind of foi i u into 
another, but it does not initiate any Thus a magnet might remain for ever im know nit its 
position were not altered with regard to other bodies, but, on moving it towards or fiom 
masses of soft iron, its attraetivo power is at once rccogniseil , on moving a closed wiic about 
in its vicinity, electric currents are sot up which may give riso to heat, light, and chimicil 
action, while, at tho same time (see Lenzs Zaic), icsistaiiec to the motion of tlie wiie is 
uvpenenced , change m temperature, and chango in the magnetic state of a bar of non, too, 
follow each other 

Let a bar of soft iron be placed between the poles of an electro magiftt, and let curii iits be 
suddenly sent into the electromagnet, and suddenly stopped, so that tho soft iron bar between 
its polos will successively be magnetised and demagnetised, it will be found easy, while great 
care is taken to screen the bar from heat conducted or ndiatcd from tho clcctio magnet, or 
while the latter is kept cool by immersion in water, to raise the temperature of the soft non 
bar through Bcveral degrees , or, let the following experunent bo made, let a mass of soft iron 
be allowed to move very slowly up to a permanent magnet, and then let it be drawn away to 
its initial position so rapidly, that when it arnves there it has not lust tlie invgnetism it 
possessed by iiiducticin, while it was close to the magnet In this operation work is fexpended, 
for in moving towards the magnet slowly it had at each instant only the amount of magnetisa- 
tion due to its position at that instant, while, during the backward motion, it possessed tho 
■whole magnetisation due to its position when nearest to the magnet , the backward movement 
Was therefore performed against forces more powerful than those which favoureil the approach 
But soon the magnetisation has entucly clisappeard, and the soft iron mass is left in the same 
condition as it was before the senes of operations What, then, has become of the work that 
has been done upon the mass! According to the experiments of Joule an amount of heat is 
generated in the iron, precisely equal to that which might have been obtained by ajiplymg the 
Work m the way of friction to raise the temiierature of it 

^lAGNETlyM, TERRESTRIAL It has long been known to ns, and is said to have been 
known for ages to the Chinese, that the earth possesses a power of directing a suspended 
•naguetised bar, similar to the directive power which one bar has upon another Hence tho 
earth is looked upon as a great magnetic mass, and the phenomenon just mentioned, and which 
wc are about to treat of m some detail in this article, is said to be due to Terrestnul Mag- 
netum 

Let a steel bar he suspended at its centre of gravity bo as to be capable of turning at tho 
Same time round a vertical, and round a horizontal axis, which is cosily done by making it turn 
a honmntal axis through that pomt, and supporting the bearings of this axis b/ means of 

•me Bilk tl^ad. In this case the bar will be indifferent to position, and will, m fact, if pro- 
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perly suspended, remain, in any position in which it may be placed, without tendency to move 
except a torsional force, which may he made very small, be exerted by the silk thread Aow 
let it be magnetised, and it mil be found to be no longer thus indifferent , it will take up a 
definite direction, and will return to the same position if displaced from it The direction of 
the bar depends upon its locality on the earth's surface llouglily speaking, it points north and 
south, and hence one end of it — namely, that which points to the north — is called by English* 
wnteiB the north jjole of the magnet, the other the south pole In most localities the direction 
of the magnetic axis of the bar makes a certain angle with the plane of the geographical 
mcndian, and also dips downwards , that is, makes an angle with the horizontal plane In Entr 
land, for example, the ncetlle turns its north end to the west of the geographical north anti 
south line, and makes with it an angle of about 20 °, while the angle made with the horizontal 
plane is about 68” The former of these angles is called the derlinatum, the latter the inrbna 
lion, of the ncetlle , and these two angles, and tlie intensity of the force exerted on the ncwile 
or the maifmtH inteniity as it is termed, are called the maynitic detnents I’ho determmation of 
the magnetic elements at different places and different times, and of the variations to ivIiilIi, ns 
we shall see, they are subject, is the object of magnetic observers and observatories We pro 
eecd to explain how this is done, and to give the laws of the phenomena of tcTrcstuil 
inagnotjsiii, and the theories which have been put forward to accomit for and collocate them 
We wish, however, to make one or two prcbinmary remarks First, On the nature of the 
influence exerted by the eaith on a magnetised needle If we bring a needle freely snspernktl 
near to an ordinary bar magnet, there is, in the first place, a directive tendency owing to which 
the magnetic axis of the needle takes a dehmte rhrection , but there is also a force causing the 
needle to move bodily towards the bar, winch results fiom the fact that the dissiimlar pole of 
the needle is perceptibly nearer to the pole of the bar magnet than the like pole Hut lu the 
case of the earth it is not so, and any influence which is exerted on the needle is dircctiic It 
IS, in fact, of the nature of a couple (see CouiUe) tending to turn the needle round the avis of 
suspension E or, if we consider the earth as a v ast bar magnet (which we may roughly do for the 
present), it is evident that, owing to the vast distance of the poles, there will be just as much 
repulsion from either pole of it on the like pole of the needle, ns there fs attraction on the dissinii 
lar jmlo This may easily be exhibited cxpenmi nUlly by floating a light needle on a cork in a ater 
when the diiective tendency will be evident at once, but without bodily motion in any direction 
The second iciiiark we wish to moke is this, that it is convenient, in speaking of the magnetic 
force, whose direction, as we have already mentioned, is in must cases inclined to the lion/ontal 
piano, to speak sepaaptcly of the hoiizontal and %e3tical coinjionents These are to be niitlcr 
stood to bo obtainable from the total force by the ordinary rules for the composition and. lesolu- 
tion of forci s (See Composition of Forces , Reaoliition of Forres ) 

Ditei nil nation of Magnetic Elements The magnetic declination and incimation arc for con 
venience determined separately, the former by instruments called dccfi/io»iefr?s, the latter hv 
tho tiictuwmtter or dtppv/tg needle A declinometer consists of a magnetised needle, cijial do 
of tui niiig with great ease upon a vertical point It turns over a horizontal card graduated to 
degrees and ipiartersof a degree Parallel to the line passing through 0 ° and iSo° is atek'-c-opt, 
turning rouinl a horizontal axis, and furnished with the ajipliances necessary for deteiiuiiung 
the altitude of the sun or stars, and the instrument is set upon a stand, provided with a ''i>irit 
level and levelling screws All tlie fittings are, of course, of brass or copper, iron being cm 
fully excluded To determine the angle of declination, the geograplucal north and south hm 
is ascertained by taking the altitude of some heavenly body, and the zero line of the umijiiss 
card is made to coincide with it The angle of declination, or the angle which the direction of 
the needle makes with this line, can then bo read off on the graduated circle over wIiKh the 
needle turns There arc other forms of instrument for the same purpose 

The magnetic inclination or dijj is detemiined by observing the in^mation to the hon/ontal 
plane of a needle turning on the vertical plane which passes through the magnetic noith ami 
Bouth points A magnetised needle is supported upon a horizontal axis through its ccntie of 
gravity Round it, in the plane m which it moves, is a circle of brass finely elmded, '"J that 
the point of the needle moves along just writhin the divisions. The circle, and needle within 
it, aie earned on a vertical pillar, the foot of which turns in a graduated honzontal circk 
observe with this instrument, it is first necessary to place the vertical circle and needk in tht 
plane of the magnetic meridian The pillar which carries it is turned round till the needle 
vertically down, and it is evident that when it does so, the plane of the vertical circle is at nj, 

* This it not the case with continental writers, and with very good reason, for the earth is 
the light of a magnetised bar of steel, and, in the latter case, it Is not the north end of a ma&jietueu u 
but the sotcA end which points to the north of the other 
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angles to the plane of the magnetic mendian, for then the only force which acts upon the needle is 
the vertical component of the earth's magnetism A reading is then taken upon the graduated 
circle at the foot of the pillar, and the pillar is turned through 90 by means of it, and that 
beinf done, we know that the plane of the \ertical circle must coincide with that of the mag- 
netic menihan, and the angle of inclination can be read off by the graduation around the needle 
Other instruments are doscribed under their proper heads (Bee Balance, Bifilin , Mar/iiitomctcr , 
Bcrhnomeler , and ObaenaUm/, Magnetic ) 

The intensity of magnetic force is also determined by means of the declinometer 
The whole directive force that acta upon it is, as wo have seen, the horizontal component 
of the earth’s magnetism, but if we can determine it, it ls easy, since we know the direc- 
tion of magnetic dip, to calculate, by the well knoivn mica for tbo composition and rcsolii- 
tum of forces, both the vertical component and tho total magnetic force To asccrtani 
the horizontal component of the earth's magnetic force, the declinometer needle is made to 
Oscillate, and the number of oscillations made in a given tmio is counted From this observa- 
tion it is evident that the force acting upon the needle can be determined ]ust as tho force of 
giaiity IB cilculatcd from observation of the number of oscillations performed in a given tune 
by a pendulum of known length Tho force eveited by the earth upon a bai deiienils, how- 
ever, both on the intensity of the earth’s magnetic force, and on tho strength of tho m ignotic 
needle, and to know the former it is therefore necessary to detenmno the 1 ittcr Tins is done 
by bnnging into the vicmity of tho needle anothci similar needle, and noting tho cllcct which 
they piodiice upon each other, as compared with the effect which the caith's inagiicti^'ni pro- 
duces upon each This method IS due to Gauss, as IS also the method of c\ pressing magnetic 
force in absolute units, that is, in units depending only on the dehned units of length, m iss, and 
time Unit of force, being that force which, acting on unit of mass clunng iimt of tiino, pro- 
duces unit of velocity , a unit magnetic pole is dcfuicd to be a magnetic pole, which, if placed 
at unit of distance from a similar magnetic pole, exerts unit of force uiJtm it In J'mghsli mag- 
netic measurement, the unit of length is one foot, the unit of mass one giain, and the unit of 
time one second Hence the above statement takes the following form — Umt of force is that 
fciTco which acting for one>second on a mass of one gram, would give it a velocity of one foot 
pt-r second, aud a unit magnetic polo placed at a distance of one foot from a similar 
pole, exerts upon it unit of force When then we say that the total magnetic intensity 
(xjiTCSscd in British units is 1024 (as it is at present, iSyo, at London), wc mean that a 
umt north pole, weighing one gram, if acted upon for one second hy tho eai til’s magnetic 
force, would acquire a velocity, m the direction indicated by tho dipping ^ecdlo, of 10 24 feet 
per second 


Having given this short account of the methods of determining the magnetic elements, wo 
proceed to recount what has already boon ascertained with regard to them and their vanations 
in the held of magnetic observation Las been displayed the most aiduous and devoted scientific 
noikiiig, and a full account of it may be found in the treatise of M Be La Hive To Halley 
liLlongs the honour of commencing, m a systematic way, the putting together of the ascertained 
facts In lyoi he returned from a voyage, undertaken with the special object of makihg m.ag- 
I'ctic observations, and published a chart, in winch his results were displayed in tho form of 
lines connecting places of equal declination From that time there were many observers, hut it 
IS since the begmnmg of the present century that the greater part of the knowledge we possess 
has been collected Hansteen published lu 1819 a work on tciiestnal magnetism, which con- 
tained charts of lines of declination for 1600, i7cx>, 1710, 1720, 1730, 1744, 1756, 1787, and 
1000, aud of hnes of inclination for 1600, ijoo, and 1780 , and among many otlii r n lines stand 
piommently those of liossel, who commenced observations on magnetic intensity, Diipcvrey, 
Barlow, IvOBB, and Sabine But to Humboldt, perhaps more than to any other, w< are indebted, 
both directly and mchrectly, for our knowledge on this subject In 1819, ftelmg that no amount 
ate inquiry would bo sufficient to give us adequate results, he applied to the Hiissian 
government for aid, and obtained a liberal response in the eBtahhsliment of stations fiir magne- 
tic observations in various parts of the lltissian Empire , and some time after, with the support 
the Iloyal Society, and of tho Bntish Association for the Advancement of Science, he brought 
1 C matter before the British Government, and with like success Cliicf obvcrvatoiics were 
at Lublin and Greenwich, and a large number of other estahlishincuts were set up at 
lilcrcnt distant stations, in the most advantageous positions One was pi iced at Toronto, in 
another at Hobart Town, m Van Diemen’s Land, thcKO being iioints nearly the 
^ctipeiles of each other, and also being situated near to the places of gre itest magnetic inten- 
' a third was established at the Cape of Good Hope, and a fourth at fet Helena, w^ich was 
vicimty to the line of minimum intensity, and to the magnetic and geographical 
1 a rs Blit the most celebrated of all the obbcrvatories is that which had been established 
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at Gottingen, under the direction of the illustrious Gauss and Weber From Gauss proceed 1 
the whole system of observation, and to hnn w due the invention of all the most delicate iiiatm 
ments, and of the most perfect methods of observmg and co-ordmatmg the phenomena 'Ih 
direction of the foreign observatories belonging to Great Britain was put under Colond yabine* 
and he was furnished with a considerable staff of mibtary assistants, so that the work nncht on 
on mght and day without mtcrmisbion All the observations were made simultaneously and 
were regulated by Gottmgen mean time Under ordinary circumstances they were ni ide eveil 
hour, but in cases of magnetic disturbances much more frequently By these means, and with 
the assistance of voyages and expeditions undertaken for the purpose, a very large amount uf 
information was collected, the dchmte objects bemg to determine the magnetic decimation in 
clination, and intensity at various places , to determine the hues of equal declin ition mcl'ini 
tion, and intensity , and to ascertain the laws which regulate the periodical and also cxtrmnh 
nary variations of the magnetic elements The mass of information collected by the British 
observatuiics was worked into a manageable form under Sabmc, and was published under his 
direction, with dissertations by him, together with graphical representations and charts of the 
magnetic curves 

The following are some of the results arrived at — First, with respect to the isfxjomc lines, 
or hues of equal declination , they are, as has been explained, such os would be traced out 
on a globe by joining all the points on it at which the angle of decimation is the same Sibim’s 
charts will be found m Johnston's Physical Atlas On examming^them it will be seen that they 
have a general directioii from north to south, with a few remarkable exceptions, and appear tn 
terminate m two points, one in the northern hemisphere, somewhat to the west of Bailiu s Bin, 
the other lu the southern, to the south of Australia In Sabine’s map for 1840 the lino whii'i 
passed through tho south of England is marked 25° W It passes thence across the Atlantic 
ocean , bending downward to tbe south a bttle, enters North America south of Newfoundlai'd, 
and thence strikes northward through Hudson's Bay At any place along this line a declinatiun 
needle or a mariners’ compass would indicate a point 25° to the west of the true nenth A %Lry 
important lino is tho Imt of no declination, or wjomo line , that is, a Imc such that, at every 
point along it, a declination needle would pomt to the true geographical north There an. two 
such lines, one in tho western and the other m tho eastern hemisphere Tho first, pas'ungnortli 
ward through the South Atlantic, cuts off the eastern comer of South Amenca It enttia 
North America and passes, not fai from New York, through the American lakes and tlirou,'h 
the west of Hudson’s Bay The other passes, southward from the White Sea, through tlie co't 
of Russia, and, cutting the Caspian Sea and the eastern coast of Arabia, curves thruiigb tlic 
Indian Ocean to tffe west coast of Australia, where it turns south again Thruagliiuit the 
spaco betueon these two Jftes, taking m Europe and part of America, the dcdinatiou 
needle everywhere points to the west of north , throughout the space between them on tin. 
opposite side of the globe, taking in China, India, and the remainder of Amenca, the deiliua 


tioii IS easterly 

The general appearance of the ttcdimc lines, or lines of equal dip, is that of c"irvcs ajiiiiovi 
mately parallel to the parallels of latitude The dip increases as wo proceed northwaul, iinl 
southward, from a certam line called the arhitic bne, or hue of no dip, and fiequeully the img 
netic equator, which hes not for from the geographical equator, cutting it 111 two points, one iii 
Afnra and the other to the west of South America, and lying to the- south of it in the Atl 
and to the north of it on the other side of the globe The Ime marked ^o‘ parsed lu 1840 
through England, and, bending a bttle southward, cut North America, the easUin poriiun to 
the south, the western to the north of latitude 40" There are two points at which a dipping 
needle would pomt vertically, one m the northern hemisphere and the other in the southern , 
these are called the magnetic poles, and round them the isuelmic lines form a set of conceiitnc 
cuivcs, bearing much the same relation to them that the parallels of latitude do tiAlie gcog^ 
phicaL poles The former of these points was found by Captain Ross m 1831 in lat ~io‘ S® ^ 
and Ion 263° 14' E The position of the southern magnetic pole has been calculated mini 
observations mi^e at Hobart Town, Van Diemen’s Land, and bes in lat 66° S and Ion 146 hi 

The isodynamic hnes, or lines of equal magnetic mtensity, have also been laid doivn ty 
Sabme As we approach the lines from a certain Ime of minimum intensity the total iiitetoi J 
increases. This bne bes near to the magnetic equator, though it docs not comcidewith 1^, 
and the isodynamic bnes are nearly parallel to the Imes of equal dip It appears, howcvc^i 
that the points of greatest intensity do not comcide with the magnetic poles There 
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tJie north and 7 “ 56' to the ea^t of the southern may^nctic pole Of these, the last n the 
strom'est, and that near Hudson’s Bay stionger than the other , the nuinbeis whith exywess 
their°intensities are respectively 2 26, 1 76, and I 6p, the total intensity at London being 
expressed by the number i 37 

We ha' e now to consider the variations to which the magnetic elements are subject There 
nrc two kinds, rejidar and in cgvlar 

It soon became evident, on comparing together the numbers which express the angles of de- 
cimation and dip, that from year to year slow changes are t ikiiig place Thus in 1 1570, the first 
itsr for which we have a recorded observation, the declination needle at Jjondon ]iointcd 
11'' 15' East, m 1652 tbe declination was 0°, and in 1760 it h,vd attained a westeily decimation 
19’ 3 ^* westerly decimation increased till 1S15, when it was 24“ 27', its iua\iniuni v due , 

IE then liogvn to decrease, and still continues to do so In 1815 it was 22“ 29' , in 1865 21° 6' , 
and ui’lSyo, 19° 15^ 'i'he iiniin il decrease of deehnition at London is about S' In London the 
dip is likewise decreasing at present at a rate of about 2 6' jicr aiinuTii, and it has been sti idily 
(](.( leosiiig ever since the first recordesl obscivation In 1720 it was 74' 42' , in 1800, 70" 35' , m 
1865, bS'’ 9' , in 1S70, 67“ 55' According to Hanstcon, how evei, it will .ittiUn v ininiiiinm, and, 
fte,. that, it will commence to meroase again Time is a sninl.ii eh j,ngc taking place .vt all 
pi ices on the surface of the eaith, the amount and ducctiou of the change tlejjendiiig on the 
position of the place At Pans the variations have bun vciy Hiiuilar to those oiiseivtd 111 Jam- 
iloii At the Cape of Good Hope the declination iii 1605 was o' 30' , the nia\iniiiin dLehiiation 
octviTTtd in 1791, when it was 25° 40', and after th.vt it begin to decrease Again, 111 Hussia 
(md tins eunfiruis M Hansteen’s nluas) the mehiiitioii has aheady attained a miniimiiii, while 
m Pekin it is on the increase 

Such V illations as these are called secular, tak ng, as they do, ages for their completion , and, 
besides these, there are both aim !«iZ and dfuinal vui vtioiH If tho di'clmitioii, and dip, and 
intensity are observed from hour to hour, it is found th vt changes are taking pi leo whuii li we 
fill their peiiod of completion a single tw enty -four hours , and oil comp uing the me in values 
of thcoc observations from day to day, v'aiiitions hiving an annual period ,aio discoveuil At 
Iveiv Obsi'ivatory tho follofiung is tho nature of the diimial change m declination, and it may 
lie st itod that Hiinilar changes take place in other loe ilities, fi Ilow mg the liours of lot al time 
— At about 22 hours (10 a jt ), and a Iittlo before 7 horns (7 i> at ), tlic needle is m its mean 
posititiii Between these hours during tho day the deeliii itioii iiiripa.sos , tli it is, the im th cud 
ot the needle tiiiiis westward At I hour (i i» vi ) it attims its mavimiiin point, which is about 
0 ' to the west of the mean , from l to 7 o'clock it is gradually falling hade. It then pioceccls 
ea'tiv ml from the mein position, attainmg a ini\iniuin at 20 Jioius (8 a M), and bung then 4' 
to the c wt of tho mean Huimg the next 2 lionis it hills buk to tho mean position ag un 
'lliL iiieliuation has also a v.ariation of dnun.al penod Arigo J'l w f s the maxiinum it 8 in th< 
iTitiiiiiugj and the mimmuin at about 3 m the afteiiioon The amount of vanation is not more 
than 3 or 4 minutes 

The iimual vanation of the declination takes jiloce as follows from Apiil to July tlie needle 
klowly moves eastward, and during the rcniamnig nine mouths of the year in the ojipnsitu 
direction Thus, during the interval between the spring eijimio’c and the suniiiier Kulstii e tho 
ileelination IS decreasing, and It slowly increases ag.iin dm nig the autumn and wintii iiiontliH 
d tlu jear The amplitude of the vanation, whub, however, v uu s fioni time to time, .ind is 
dilltrciit in eblfcrent placed, is at present about 59" at Kevv I'herc is also an annual vana- 
ti<)ii of the magnetic dip At present, at Kew, the amount of it is O 54' JJmmg the siv 
inoiiths from Apnl to September the dip is on an average o 27' lower , and during the other 
months o 27' higher than its mean See a jiapir on the results of six years' obst rv itions at 
hew, ending 186S 9, by Dr Balfour Stcwait, Proceedings of the Itoyal Society, M iich 1870 
Jhe annual vanation of the magnetic intensity is, if it oteiir at all, vciy slight 
Uur limits permit us only this very brief sketch of a most interesting ami important subject 
■Ine reader may consult for full information on the whole subject of leiichtnai iiiagneti-m au 
excellent chapter in De La liive’s treatise on electricity, vol 111 Also tho pafiers of Habme, 
"^th tables and charts, which are to be found m the Phil Trans from 1840 and more recently 
Ijaatly, there are, as we have already mentioned, irregular variations of the nuignetic 
‘ements Besides the slow and periodical changes we have juat been speaking of, it is found 
at sudden temporary alterations, freijuently of a very considerable amount, take place 
umlxjldt has given to these disturbances the name of magnetic storms, and they have atti<icted 
all observers the greatest possible interest It has lx en proved that they are intimately 
nne^d with the occurrence of the aurora borealis Iminedi itely befoie the appearance of 
** phenomenon the needles are powerfully disturbed, and the same is the case after it , and 
'‘Xing the display, sudden alterations, amounting in the ease of the decimation sometimts to 
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of the magpietic storms occumng every ten years, and that these tunes are the same as those ^ 
which the sun’s spots are most numerous^ 

To account for terrestrial ma^etism various hypotheses have been put forward, which it will 
be sufficient merely to mention here Their chief value is of course to assist us m the co- 
ordination of facts, and to indicate the directions in which we are to look for general laii s 
The first theory was that of Gilbert, who supposed the earth to contain a great magnet ivith its 
poles situated near to the geographical poles of the earth If a short needle be mao'iietised 
and suspended horizontally by a fine thread, it may be made to take position veiy Bimilai to 
those of the declination and dipping needles, by carrying it about in the vicinity of a very loTifr 
bar magnet Halley, however, showed that the complication of the magnetic curves is such as 
not to admit of this simple explanation He supposed two magnets of unequal strength to 
cross each other at the earth’s cent! e, and calculated the curves under that hypothesis^ The 
theory of Halley was supported by Hanstcen Barlow, in order to account for the existence of 
magnetism m the earth, supposed it to be perpetually traversed by electric currents takmn- 
place from east to west Taking a globe, he rolled round it a copper wire in a spiral, and 
caused a current to circulate m it, an<l lie was able, on bringing near to it short needles sus- 
pended, to show the phenomena of decimation and dip But Gauss, putting aside altogether 
hypothetical causes, undertook the following problem supposing the whole earth to be mag- 
netic, he calculated what must be the distiibution of the magnetism m order to give tlie mllu- 
enoes knoivn by observation to exist 

MAGNET! SM, TH EOllTES OF See concluding part of the article on Magnetism 

MAGNETO-ELECTRICITY For information on the connection between elertncity nnd 
magnetism, sec JZcctro-^etgneG Electro Magnetic Machtne, Elcciro-dynamics , Induction, L'kUio- 
Magnehc, &c 

MAGNETO-ELECTRIC MACHINE It is explained (see Electro dynamict and Jnihic 
twn, Ekctro-Maijnelic) that, on bringing a permanent magnet near to a coil of wire, or on remov- 
ing it from the coil, electiic currents are caused to flow in the coil, the first inverse, the second 
direct, as compaied with Amiiere’s hyjiothetical currents (See Ampire's Theory ) Stipixisi , for 
example, that wc suddenly thrust a pnuianont bar magnet into the core of a hollow eml of 
Wire, a momentary current is piodiieed in one dircttion , if, then, we suddenly draw it out 
again, a momentary current is produced in the opiwsite direction Or, still bettoi, suppose th vt 
we have a coil of wiro round a coio of soft iron, and that we bring near to the extremities of 
the soft iron core a permanent hoi so shoe magnet, the soft iron is at once converted by indue- 
tion into a magnet, and a current through the wire is set up On drawing away the porinaneiit 
magnet, an opposite current is caused to pass This Faraday showed in 1831, and on this 
depends the action of electro magnetic machines 

In the simplest form of inagncto-electric maehmes, a pair of liobbins of wnre coiled upon soft 
iron cores is revolved in front of the jmles of a powerful horse-shoe magnet The wire of the 
two bobbins IS continuous, aud it is wound ujion tho soft iron cores in sueb a way that, looking 
upon the faces of the cores, the direction of the wniuling on the two is that which would bo 
obtained if the wire were simply wound round a straight bar, and the bar then bent into a 
horse shoe shape On this account, as will be at once understood, the actions of the two poles 
of the magnet upon the two coils of wire, when presented to them, is conspumg to send a cur- 
rent m one direction through the wire On revolvmg these bobbins m front of the poles of the 
magnet, currents are caused to pass in the wire, fiist in one direction, and then in the other, as 
the magnetism of tho soft iron core is induccil and reversed 

These currents, thougli powerful, would lie of httlo use owing to their passing alteinatcly in 
opposite directions , and in order to make them of practical value, an arrangement, called a 
crmmutatffr, whose object is alternately to reverse tho connection of the bobbins wnth any wire 
or other inteipolar through which it is desired to send the cuirent, is employed The follow mg 
will give a general idea of the commutator full descriptions, wath diagrams, wnll be found in 
all the ordinary text-books on electricity The extremities of the wire coming from the bobbin, 
are brought to a cylinder of ivoty or boxwood, which is a continuation of the axle on whith tbc 
bobbins turn, and which turns with it , and on the circumference of this cylinder are two pairs 
of half nngs of brass Each extremity of the wire is connected with one of the pairs of ha 
rings There are two binding screws upon the case or frame of the machine to which any w® 
through which a current from it is to be passed may be attached , and from each of these screw^ 
a pair of springs proceeds to the ivory cylinder which we have just mentioned, and ea^h 
presses durmg half a revolution upon a half rmg, and dunng the other half revolution upon “ 
ivory of the cybnder Thus, dunng half the revolution, each of them is put in 
n wire of the bobbin, and dunng the other half it is insulated, touching only the ivory. > 
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the current is reversed at every half revolution , and since there arc four spnnqs ami four half- 
nngs, it will be easily understood that by properly arranging the positions of the half rings on 
the cjhnder, one spring from each screw may press on its half ring when the current is gomg 
in one direction, and the other pair of springs on their respective half-rings when the current is 
going m the opposite direction, and that thus the connection, as far as any body attached to the 
bindiiv' screws is concerned, may he reversed at each reversal of the current, and that the cur- 
rent luay thus be caused to pass always m the same direction through it 
We have described a simple form of magneto-electric machine here Lately Siemens, 
Wilde, and Wheatstone have made enormous improvements m the construction of them, but for 
these V e must refer the reader to more detailed works 
MAONETOMKTER, BlKILATl See Balance, Bifhtt 

MAjGNETOMETER, GAUSS’S, is a very delicate form of declinometer, or instrument 
for dctciinimng the angle which the plane of the migiictic memhan makes with the piano of 
the astronomical meridian, invented by Ganss A magnet bat is suspended by a fine silk fabro 
offering tbc least possible torsion'll resistance to the motion of tbo bar At the centic of tho 
bar IS h\ed a light silvered mirror, looking in the direction of tlie lengtii of the b ir .iml turning 
with it The magnet is enclosed in a glass case to shield it from currents of air At a distance 
of several feet is placed a telescope with cross wires, and a scale at right angles to the axis of 
the telescope , the one is set a little above the minoi and the other a little below , and the 
divisions of the scale are reflected by the mirror into the telescope, and can bo re id of! with 
great exactness by means of it The numbers on the scale, thus read off, are proportional to 
the tangent of twice the angle by winch the needle his turned fiom zero If tbun the axis of 
the telescope is in the astronomical meridian, the angle 8-> detennmed is the dcchnalioti angle 
If not, it call easily be determined by calculation, from knowing the angle made by it with the 
astrununncal meridian 

MAGNIFYING POWER OF THE TELESCOPE See Telescope, Pouer 

of 

MALACHITE The mincralogical name of native carbrnate of copper It is of a nch varie- 
gated green colour, and as* it is susceptible of receiving a high polish, is much pri/cil for oina- 
uicntal purposes (See Coppa ) 

MALLEAUILITY a hammer ) The property of extending under the blow of 

ahiumier It is opposed to biittleiiess, and is almost restricted to metals Malleablo sub- 
stances must be tenacious, resisting fracture, and soft, pciinitting the particles to glide ovci ono 
another The malleability of the most common metals is m the followmg orilei i gold, 2 
silicr, 3 coppei, 4 platinum, 5 iron, 6 aluminium, 7 tin, 8 /me, 9 lead Gold may be reduced 
to Idles of i-i8o,CXX)th of .an inch m thickness, and wcigl ling only 3 grains per scpiare foot 
Leaf iron has been obtained i-48ootb of an inch 111 thickness, and weighing onu-third of a gram 
pci sqn lie inch Malleability is much influenced by tempprature, tho toisperaturo of gieatcst 
malleability being different for diffeient metals Iron is most malleable at a low white heat , in 
this state, therefore, it is welded or rolled into bars or plates 
Although ductility and malleability are nearly allied, the same metal does not always possess 
both (jualitics in the same proportion Thus iron is ncailv as ductile as gold, but f.ir less mallea- 
blo (See , Jlardnnt , Tciiaciti/) 

MANGANESE A metallic element, compounds of which have been known from very 
early times, although it was not until 1774 that tlie metal was isolated by Oaliti Atomic 
Sleight 55, symbol Mn, specific gravity 8013 In the pure state manganese is a white but- 
tle metal which melts only at the highest heat of a blast furnace It oxidises both in air and 
ivatci, and dissolves easily in dilute mineral acids It is slightly magnetic 
hlanganese forms several oxides, the most important of winch are the folloiving — 

The piotoXide (MnO ) This is obtamed hydrated as a white precipitate on adding an alkali 
to a protosalt of manganese , it oxidises very readily It unites with acids to form a well-de- 
fined senes of salts 

besqmoxide of Manganese (Mn^O,,) This is met with native as hrannitc in opaque brownish 
black crystals, bnttle and infusible In the hydrated state (MujOJfjO), it is met with 
native as mangamte or gray manganese ore, m dark steel gray crystals, which are fusible before 
the blowpipe 

Manganoao-manganic oxide (MhjOJ. Known also as red oxide of manganese and llausman- 
nite It occurs m dark brown crystals of a subnietaJlic lustre, opaque and infusible This 
Oxide 18 easily obtained, oe by ignition in the air lower oxides of manganese absorb oxygen, and 
Uglier oxides evolve oxygen, and are converted into this oxide 
Pa oxide <lf Manganese or dioxide (MiiOj) This is the most important oxide of mafiganese , 
u is met with native as pyrulusite , it forms bluish black metallic looking crystals of specific 



MAN 


356 


MAR 


gravity 4 9, opaque and infusible before the blowpipe It sometimes occurs massive Its (rr^at 
use m manufactures is as an oxidising agent, os it parts with some of its oxygen, and is reduced 
to the red oxide when exposed to heat ^It is largely used in the pre2>aration of oxygen, in the 
' manufacture of ehlonne, and for deculourismg glass 

Under the names of psiloiiielaue, varvesite, wad, &c , occur native oxides of manganese of no 
very definite constitution, but which appear to be mixtures of oxides previously described 
Manganic Acid (HjMnO^)^ not known in the separate state, but its compounds with bases are 
known undei the name of numyanates The only manganate of importance is the potissiiun salt 
(KaMn04) This has long been known m the impure state under the name of miruj id rhttme 
Icon, a crude mass prepared by igniting chlorate of potash, caustic pothsh, and peroxide of 
manganese When this is dissolved in cold water, it forms a green solution which rapidly passes 
through several shades until it gets red The pure salt has been obtained in green crystals 
'which, liowevci, decompose on adchtion of water into permanganate of potassium, caustic 
potash, and peroxide of manganese 

Pcrmunijauu Acui (HMiiO^) This is the highest state of oxidation of the metal In the 
pure state it is a thick syrupy Lqnid of a grcciush metallic lustie When gently heated it 
volatilises, forming violet vapours which condense withoui decomposition If the heat is not 
apiilicd cautiously, it decomposes with explosion Permanganic acid is one of the most power- 
ful oxuhsing agents known, instantly igniting some combustible bodies when added to them, 
and exploding with others It forms well defined salts with bases, of which, however, wo need 
only mention the following — 

Pi 1 jiianijanatc of Potiinsium (KMnO^), crystallises in long deep red needles, which arc perma- 
nent in the air and dissolve in about sixteen parts of cold water A solution of peimangi- 
nate of potashiiim is of gre it use both 111 the laboiatory, as a convenient oxidising agent and 
standard test liquid, and also as a harmless and poweiful deodorising agent for household piir- 

JKISCS 

Pet manganate of Siher (AglNTn O4), crystallises out when wai-m solutions of nitrate of silver 
and pci manganate of potassium are mixed together It has been proposed to be used as an 
oxidising agent, epecially in some photographic opwations 

C/doj ide of Manyunnc (MriClj), is obtamed in the hydrated form (with two atoms of water) 
by dissolving any oxido of mang.inosc in hydrochloric .icid, chlorine being given off, m the case 
of the higher oxides The solution, on cvapoiation, deposits pile rose coloured crystals, which 
are very soluble 111 W'ater and alcohol, and on bemg strongly heated leave the anhydrous chloride 
It forms double salta with other chlorides 

At the Liverpool ineeting of the British Association held in September 1S70, Mr J T’cn 
wick Allen described sever^ valuable alloys of mangauchc w ith copjier, tin, zinc, and lead 'I'lii 
simple alloy of manganese and coppe r coutauuug from 5 to 30 per cent , is both inallcable and 
ductile, with a tenacity considerably greater thiin th it of copper The triple alloy of manga 
nese, copper, and zinc closely resembles German silver When tin or lead is added to the alley 
of maiigancso and coppei, castings can be made which are eminently apphcable as bcarmgs for 
machinery 

MANGANITE See Manganese, Oxides 

MANNITE A sweet ciystallmc compound, prepared fiom madna, a juice exuding from 
some species of ash It crj'stallises in foui sided piisms, which are easily soluble 111 water 
Composition CBHi40g 

MAMOMLTEit {/xavis, rare , fiirpov, a measure ) An instrument for measunng the pres 
sure, and thence the density of the air Tlie form of manometei, usually used to veiify Boyle’s 
Law, 13 a bent tube like a siphon barometer, hermetically sealed at the end of the shorter leg 
A small quantity of mercury is poured into the tube so as to fill the bend, and thus to intercept 
communication between the air m the closed end and the external atmosphere When nioro 
mercury is poured in, the pressure on the enclosed air is equal to the atmospheric pressure plus 
that of the mercurial column in the longer leg, above the level 111 the shorter leg 

MAPPING SPECTRA, BUA SEN’S METH 01 > OF Bunsen has described an excellert 
method of mapping spectra, so as to record, not only position, but likewise the peculiantics of 
breadth, sharpness, and intensity of colour of the different lines It is principally apphcable to 
those spectia which consist of luimnons bands, such as of the alkalies and alkabne eartha The 
method consists in representing the luminous lines by black bands drawn on a graduated scale, 
their width denoting the width of the band, and their height the intensity, whilst the sharp' 
ness or nebulosity is denoted by the curved outline The positions of the lines are referred^ to 
the standard hnes of potassium, lithium, sodium, and thallium (See Bunsen’s 
Phil M(^ , senes 4, vol xxvi , p 247 , also Eoscoe's Spectrum Analysis, p 88 ) 

MARBLE. See C 7 ar 6 on, Cationaie of Calcium 
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MAKCASITE See Iron , Sutphides 
MAEINE BAEOMETElt See JJnrometer 
MARINE BOILEE See Stenm Boiler 
MARINE GALVANOMETJ'jR See Gahanemeter 
MARINER’S COMPASS See Compass, Manner's 

MARGARIC ACID An artificial fatty acid of the formula prepared hy the 

action of potash on cyamde of cetjl It foima white crystals, melting at 59 9“ C , soluble in 
ether, insoluble in water, and uniting with bases to form salts The substance toinmonly 
called iiiArgano acid has been shown by Ileintz (Pogg Ann cii , 272) not to be a tkfiuitc acid, 
but a uii'iture of palmitic, steanc, olcic acids, SuC 
MARIOTTE’S LAW See Boijle's law 

MARKAR (Arabic ) The stai a of the constellation Pegasus (See Algenih ) 

MARS In astronomy, the fourth planet lu order of distance from the sun, .uni the superior 
planet whose orbit lies nearest to tliat of the earth The mean dist.ance of Mars from the sim 
IS 139,311, OCX! miles, his greatest, 152,304,000, his least, 12(1,318,000 Hince the earth’s 
mean distance la 91,430,000 miles, it follows tint the distance of JVI irs ftom the eiitb i incs 
iiom about 35,000,000 to about 244,000,000 nidcs Uis oibit is considciably tecciitiK , more 
so 111 fact than that of any pl.anct 111 the solir B3btcm except Meicuiy The ecccntiinty is 
0093262, the inclination, 1° 51' 5" The di.amctci of Mais is about 4,400 miles lli'. equator 
IS inclined about 28 degrees to bih orbit Mars completis bis sidereal levolutions 111 a mean 
pciiod of 686 9797 and rctuins to opposition at intcii ds scpaiatcd by a iiieaii period of 
779 936 flays, which is tlicrtfoie the pi lut t’a moan synodic il pmod 
hl.ars IS the pl.inct whose am face wc examine uiidci the most f.ivouralilc circumHtauoc s ICor 
although Venua ajipioaches nearer to us than Mars, yet when she is at hci iicaiust ahe is in- 
vLsiblo, being concealed by the solar light Rut when hlars is it liis ncaiest, 01 in o] position, 
he hhmes upon the baekgiound of the midnight aky It woubl seem also that besides tins the 
real aiu-face of Venus is iisiislly, if not always, concealotl liy elouela The am fate of M iis, on 
the other Innd, though oecaaumally coaeealeel in pait by tlouds, is yet well been geiu i illy, as 
reg.irds at least a jurt of his disc On this account it h la been found possible to deteimim the 
pennd of Ins rotation on Ins .sms — that is, of the Marti il day — witli an accuracy wbiih we can- 
not hope to bccuie in the ciso of any other planet Cabsini, who was one of the railiest to study 
tlio features of Mara, assigned to him a lotatioii peiiod of 24I1 40111 , wlnth is not f.u from the 
tiuth Later, 8ir William Hcrsehel itbiekcd the hime pioblcm , but though his estimate was 
nearer to tho tiutli than that of t’a^snu, yet he was nut bo sueecbsful in dialing with the rota- 
tion of hlars, as waa ubually the ease witfi him in buch matteis IJe saw "h it a long pciiod, 
iiieliidiiig many rotations, was necessary fur gicat aeemaey, but m p.assmg fiom liMiioutbly 
peiiods to the bi annual period coiiespoiidiiig to the jd.uiet’a Hynodieul revolution, lio unfor- 
tunately ntuised one complete rotitioii, so that the peiiod of the {l.anct came out ncaily 2m too 
gieat Ills estimate was 2411 3gin 25H M idler .attaeked the pi oldtm moit Hueitasfully, and 
by including all the rotations octuniug diuiug ecvcii years, obt.iuied a rotation pu lod of 24h 
37111 238s Later, Kaisci of Le}deii c.aiiied the range of the rotatioua ovii a far longer 
period — vi/ , from the obacrvationa made by lliijghens to tliobo made in recent tunes He thus 
obtained the period 24h 37in 226s L.istly, the piesent writer, by cump.iiiug obsei v.itions 
nude )>y Hooke so far back as 1O66, with those marie by Dawes in 1867, and by Hiowiiiug in 
18O9 (the latter hpeci.illy made for the puiqiose of this c ileuHtion ), o1>t lined tlie rotation jieiiod 
24h 37m 22 735s , which may be regaidedas within one Lundiedth port of a seeoiid of tho 
true \alue 


’Ihe surface of Mara hag been carefully studieil by many observers Cassini and Hooke took 
pictures of IVIarg in 1666 Maraldi observed tho planet in 1720 Sir Willnim Ileisdiel inada 
a senes of observations between the years 1777 and 1783 In the j'e*ars 1830 37, Messrs lietr 
and M idler made many drawings of Mars, which are wonderfully exact, coiiBideiing the small 
telescopic jiowcr employed by these observers Observations of the planet liave also been made 
I'y Kuiiowbki, De la Rue, faecchi, Phillips, Nasmyth, and others The observations m.ado in 
1864 Mr Lockyer are even better, and are surpassed only by the drawings winch wc owe to 
-Hr Lawres, who subjected the planet to a searching scrutiny during the oppositions winch took 
place between the years 1855-1865 He entrusted to the jiresent writer twenty nine of these 
from which the latter constructed a chart of Mars, giving n.imes to the pnncijial 
“Hds ami seas From this chart Mr Browning has made a globe of the planet, and, by photu- 
graphing the globe, he has obtained a senes of mterestmg stereograms 
Irom the appearance of Mars, there is every reason to belief, e that the so-called lands and 
are reaU* contments and oceans , while patches of white light which are seen near tne poles 
a the planet may be confidently regarded as indicating the existence of ice and snow, as in the 
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polar regions of our o'wn earth The Bpcctroscopc has shown that the atmosphere of Stars con- 
tains the vapour of water, so that when wo find variable masses of white'hght over parts of his 
surface, we may conclude that they arc due to the presence of clouds in his atmosphere An- 
other feature which has given rise to some difliculty seems explicable also in this way The 
parts of the disc near its edge are commonly brighter than the middle of the disc and Dr 
Zollner has been at some pains to explain this feature as due to peculiarities of the planet’s 
surface. But when we notice that the lands and seas become indistinct near the edge of the 
dec, we are led to see that another explanation is needed, even if it were not altogt,thei mi- 
possible to accept an explanation which requires, according to Zollnei’s own account, that the 
surface of Mara should be covered by irrcgulanfaea having a slope of no less than 75^ The 
peculiarity must belong to the atmosphere, not to the surface of Mars, and ni.iy inobably 
indicate that the ordmary ariangonient of the Martial clouils resembles that of our ow n tumulus 
clouds We know that, during a summer day, when the sky overhead shows great blue <,pitcs 
between cumulus clouds, the sky near the horiAin seems almost wholly covered by cloud-!, the 
reason being not that clouds aie really spread muro thickly over regions all round the ol>-,oi\tr 
than near him, but that the effect of foreslioitciuiig brings more clouds into view in a giien por- 
tion of the heavens near the horizon than in a bimiiar poition overhead Now, wc deduce horn 
this the simple principle, that lines drawn at right angles, or nearly so to the surface of 1, globe, 
surrounded by an atmosphere bcaiing such clouds as our cunitiltis clouds, are less likely to en- 
counter a cloud than lines drawn at an acute angle to the surface Hence, if the clouds of 
Mara be generally cumuli, the hues of sight to the central parts of the disc of M us will 
encounter fewer clouds within a given poition of the disc, than lines drawn to parts iicii tliu 
edge , for the former meet the surface of the jtlanct ncaily at a right angle, the lattir mcit Ins 
surface at an acute angle The contrary would be the case were the atmosphere of IMais loaikd 
with stratus clouds We have thus a means of forming an opinion as to one imiiortant nietcoi 
ological relation in the case of the ruddy planet It would he well worth the trouble to in- 
quire whether the peculiar biightncss of the edge of Mars’s disc is to be regarded as 1 (on^tint 
or vanablc pbcnomcnon, and whether it is more maikcd m one hemisphere than m the other 
during the summer or winter of either Maitial hemisphere ' 

M.urs approaclies the earth so ncaily during some oppositions as to afford a very trustworthy 
means of detci mining the solar paiallix biucc at such a time he is shining on a claik sky, it 
IS easy to compare Ins distance from certain stars of known position, according as he is mi wcil 
oithei from northern or southern stitiuus, or as he is seen at difieient hours when viewed fioi 1 
one and the B.iine station The latter method, devised by M Airy, has some advanti-jes (uir 
the former Both methods have been applied with consideiable success by astiououieis C^Lf 
Sun, Distance of the ) 

On account of his proximity to the earth, also. Mars presents a gibbous aspect when he is m 
quadi.aturc, at which time the hue of sight from the earth is lucliucd at a very considetalik' 
angle to the line from the sun to Mars 

MAllSH OAS , 01, fjKjht Caihindted IDjdio;/en A gaseous hydro carbon frequently occur 
nng in nature It is the lire d imp of miners, and frequently rises from the eai tli in m u -by 
districts Specific gravity, o 557 It has neither taste, smell, nor colour, and Las no icUmuiii 
test jiapcr It is aery slightly soluble in watei When ignited, it bums with a pale wlutu 
fiame Composition, CIl,, 

MAB.S 1 C (Arabic ) The star a of the constellation Hercules 

MASS Mass is a term for the quantity of matter in a body In order to measiuc 
we assume that the attraction of the earth on all ]>articles of matter is the same, and 1*3 u<>t ib 
pendent on the nature of the matter attracted This assumption seems to be justilied by the 
fact that bodies of all kinds fall with equal velocity m the exhausted receiver of an air p' on]’ 
Hence we measure the mass of a body by its weight, and can only define the mass as a (piaii 
tity proportional to the weight If, then, at the same spot on the earth’s surface one both 
twice as heavy as another, the mass of the first is twice that of thesecond Supiwse, hnwcier, 
that the body be weighed by a spring balance at a certain place, and weighed again by the banie 
instrument at another place nearer the equator, it will be found that the body is lighter at the 
latter place It is found also that the acceleration due to the attraction of the earth is also less 
at the second place than at the first, in the same proportion This illustrates the fact that 
the mass remains the same, the weight vanes os the acceleration of gravity Hence the ^ ^ 
vanes as the product of the mass and the acceleration of gravity, and consequently w he 11 
units are chosen, the mass of a body is equal to its weight divided by the acceleration due vo 
gravity (See Lams of Motion) 

MASSICOT See Zeaui, Oxides a 

MASSON’S ELECTBO-PnOTOMETKR. See Ekaro-Pholomcier. 
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matter, continuity of the liquid and GASEOUS STATES OF Till 

witliin a littlo moro than a year most people were taught to cuut>ulei the luptid and giscous 
conditions of matter as essentially distinct It has been long known, it is true, thit many bodies 
could be obtained in the solid, liquid, and vaporous state, and that vapours appioximatcly obey 
the law of Boyle Since 1823, the date of Faraday's conmiiinication to the Royal Sooitty, it 
h'ls been recognised that m my bodies formerly considered to be gases, and only knonn in that 
state, could, by the application of cold and pressure, bo reduced to liquids, and a few jcai slater 
it was shown that some of these liquids are conveitible into solids , but it was in 1S69 that tho 
beautiful researches of Dr Andrews threw an altogether new light on the subject of the con- 
nection of the liquid and gaseous state of matter 
Suppose that at an ordinary temperatuie of the air, a quantity of carlionic acid gas he taken 
and c posed to pressure in a glass* tube, the followmg phenomena will be observed Suppose, 
for fwimple, that the temperature at which the evpeiiiuent is made is 0“ C (52°F)' On sp- 
phing picssure, the volume will be found to decrease, aii<l were the gis 1 perfect one, it would 
dttuase accordmg to tlie well known law of Boyle, namely, that tlic vuluiiic of a gas \ancs in- 
aciscly with the pressure, the temperature Rung kept constant Thus, if the jiressnrc' be 
doubled the volume is halved, and if the pressure be tieblcd the volume is 1 educed to one third 
But cnbonic acid is not a peifcct gis, and the volume dmimisbcs ninth more npiilly than it 
bliould, according to the law just stated Tins divirgi ncu fiom Boyk's law inc'iciscs .is the 
jirtssurc increases, till a picssuro of 38 5 atinosphcics is rcachoil, when siidiltnly tlit law fails 
altogether, and without any fuithei apjilicaliuu of picsbiiic the g.is becomes alirpiid Wliat we 
hale hero described is true for all gases, with the eveeption of oxygen, hydiogen, nitrogen, car- 
bonn oxide, mtric oxide, and marsli gas The piessme at ivlnth liqiief ictuui tikes j)! ite de- 
pends upon tlip nature of the g.as, and upon its teinpciatuio Undei Lt^nefortnm oj (tateg will 
be found a table displaying this It is to be obs^ived th it tlic fiiluro of Boyle’s liivis most 
qip.aient m the most eisily condensed g.isea , the six tint we have mentioiitd is not hwing 
1)1 eii liipietied dep.art butlittlefiom it , .iiulthat the iiearut the gas is to its point of 1 ondeiisatiun 
the moie does it diicige fioin conformity to tho law 
T'hc properties of the iKpi.d carbonic acid arc very remarkable Thiloner showed that tho 
euelheient of expansion for lieat of the lu{uid is gieiter than that of any aeiifoitu body , and 
Amlreivs, that the compiussibihty of the lu^uid is much gi eater than that of ordinary liquids, 
and that it decreases with the pressure 

If the oxpciimont indicated above bo tried with carbonic acid gas, .at any tcmpciatnre below 
30“ <J2 0 (87° 7 F ), there will lie a certain piessme, at which the alirnpt tr.iusition fiom the 
giscous to tlio liquid state tales jil lee, but, in 1863, Andrews showed tliat^abovo this tenipera- 
tiire the case IS very diifereut Hesijs — “ On p.iiti.illy ]ii(itefying c.aiboriK acid (lint is, keep- 
ing the c.ii)illary tube inentnu ed m the note above iii Mieli eimdition, by .ipplu .itioii of a 
pioper .amount of pressure, thit the lower part ra ly eont 1111 liquid earbomc acjd, while th.it m 
the nppci pait is gaseous), by oicssuic, and gi.idu<illy laising, it the same time, the teinjierature 
to 88“ F , the sui face of dem.iication between tlie liquid and gas bec.ime faint, lost its curv.x- 
tme, and at last disappeared The space w.is then occupied by .a liomogrnoous fluid, w'liieh ex- 
hibited, when the pr^aure wm suddenly duniiiislied, or tho temperature slightly lowi red, a 
pti uliar appearance of moving ir Ihekeiiiig atiia- throughout its entire ma-s At tciii] >eratureB 
abo\ e 88“ no apparent liqiiefachoii of e.irbonie acid, 01 scpar<itioii into two distinct forms of 
niattei, could ^ effected, even vhen a piessurc of 300 4)r 400 .itiiiosplicrcH w.is applied Nitrous 
oxide gave analogous results ” Or, again, if to gas above the timpeiatuic 30” 92 G pressure 
be applied, gradually mcTeasing in amount, the volume of the g.is will dimmish steadily, but 
there will never at any point be in abrupt decrease of volume without any iiicrt.ised picsBuru 
such as that described in the firs, experiment “ At 30“ 92, and under a pressure of aljout 74 
atmospheres, the densities of liquil and gaseous earbonie acid, as well as all tlu ir other physical 
propcities, become absolutely ideitical, and tho most careful observation fails to «liscover any 
heterogeneity at this or higher tonjieratures m carbonic acid, when its volume is so reduced as 
to occupy a space in which, at lover temperatures, a mixture of g.as and liquid could have been 
formed In other words, all distnctions of state have disappeared, and the earbomc aeid has 
become one homogeneous fluid, whch cannot by change of pressure be separated into two distinct 
physical conditions This tempenturc of 30° 92 is sailed by Dr Andrews the a itiral pomt for 
carbonic acid Other fluids whicl can be obtained in both the liquid and gaseous states, have 
shown similar phenomena, and liafe each presented a critical point of temperature ” + 

. * This U what Dr Andrews did Thi gfas was contained in a fine thermometer tuho, sealed at one end, and 
nsvlng a coluqin of merouiy to encloseXhe gas at the other I’rcssare was applied, and the mercury column 
nnven Into the tube, so as to diminish the volume of the gas tho tuLe could bo suiroundod by a freezing 
•Uxmie antfthus cold was applied (fte Liqu^action and boMjficaiwn of Oasea ) * 

t Original Essay, by Piof Jamea Ihonson, LL D , "On the Continuity oi the Oaseons and liquid States ot 
Matter 1870 
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Although, however, there is no abrupt change in the volume of carbonic acid when exiiosed 
to pressure at a temperature above the critical point, yet at temperatures near to this point the 
body poBsessea a pecuhar property At a certain preaaure there is an excessively rapid deviation 
from Boyle’s law , on the application o£ a pressure very slightly increasing, a diminution of 
volume quite disproportionate occurs As the temperature is raised the pecuhanty disappL.irs 
the law of Boyle is more nearly fulBllcd till at a temperature of 48" i C , the apphcatuiii of a 
constantly increasing pressure gives rise to a perfectly gr.wluAl decrease of volume Jn tho p uier 
of Dr Andrews (The Bakcrian Lecture for 1S69, Tiansactions of the Boy il Society), the ii la 
tion of volume to pressure at voiious temperatures is exhibited uith the aid of circfully ili mn 
curves, which display, in a way that no description can, the giadual alteration iii elastic 
properties of carbonic acid as the temper iture increases We must refer our readeis to that 
paper, and to the essay by Prof James Thomson, quoted above, for many details 

In conclusion, we rIuU suppose the performance of two illustrative experiments eff Jh 
AndroviB Let a volume of cirbonie acid gas be taken, say nt 50" C (19° above the ciitu il 
point), and let it bo exposed to increasing pressure till 150 atmoepheros have been reached lu 
this process its volume will steadily dimmish as the picssuro augments, and no sudden dimmu 
tion of volume, without tho application of external pressure, will occur at any itagc nf it 
When the full pressure has been applied, let the tcmpeiature be allowed to fall till tho caibnuie 
acid has reached the ordinary temperature of the atmo'Nphere Duiiiig the whole tunc no 
lireach of continuity has occuned It begms as a gas, and, by a senes of gradual changt's, pro 
senting nowhere any abrupt altcr.vtion of volume or sudden evolution of lieat, it cinls .is a 
liquid That the gas has actually changed into a lupnd would, indeed, never be suspcctcil dul 
it not show itself to bo so changed, bycnlciing into ebullition on the removal of pres'-ure 
Suppose, on the other hand, a volume of li({uid carbonic acid kept by application of prcsMiri 
fioiii entering into ebullition, while the temperature is gradually r iisul to 50" C , it will >-le nhU, 
if permitted to do so, expand, though without .at any point exhibiting .any sign of abrupt .dta i 
tion If, however, when its tempcratine has icachcd th.it point, the pressuio be removed, it 
will be found that ebullition is no longer possible — ^th it the liquid, lu fact, has gradually hccoiin 


a gas. t 

111 Andrews asks the important question, “ Wh.at is the condition of caibonic acid vv hen it 
passes at temperatures above 31" from the gaseous state down to tlie volume of a liquid witlmut 
giving evidence at any p.ait of liquefaction having octmred t Dres it coiitmue 111 the giscmi- 
Btate, or does it liquefy, or h.ave we to deal with a now coudition of m ittcr 

Ho finds the .answer in the recognition of the lutiin ite relatioi s winch subsist between the 
gaseous .intl liquid ccciditious of matter He loi>k8 upon the onUiiary gaseous and liquid itcj 
only as widely separated fonns of the same condition of matter, cnisidenng th.at the s.uiie bod 
may be made to pass from one stitc to the other gi adually, and vitliout exhilutiug uiy ibni|it 
alteration Under ceit.iin condilions of temperature and piessuic, ho says, cniJiome .uid lnid-> 
itself, it IS true, in a stale of instability, and pisses suddenly, with tlie evolution of he it uid 
vvithont the .ipplieatioii of imieased pressinc or tho decrease of ftmpcratuie, fiom the g.o.teous 
to the liquid conilition But m othei t iscs the distinction c..nTot be made, and it would bo 
frequently impossible to .assign to the cai borne acid one state latlcr than^nothei 
MAUVKINh] SeeJiiibiic 

MAXIMUM DENSITY OF WATEtv A remarkable exception to the general law of 
the expansion of matter bj beat is picsented m the case of watii when near the freezing point 


If we fill a thermometer tube with vvatii, .mil place it side b/ side with a mereuiial tlieiiuo 
meter in a freezing mixture, w c notice that the water (say at 6?“ F ) continues to contrae’t un* d 
it reaches a temper.ature of 39 2® F (4“ C ) , as the cooling eoltinucs it expands, and at 3'' ’ 
possesses sensibly the same velumc as it did at 40 2“ , the hqjid expands until it reache-) tlic 
freezmg point, and at the moment of its conversion into icia considerable expaiisiuii tJas 
place At 39 2' F or4“C water therefore iiosseeses its murmum density — that is to siy, » 
vessel of a given capacity, say i cubic inch, will hold more water at this temperature th lu at 
any other If the water bo either cooled or heated when at this temperature it exp.andd, and 
occupies greater bulk, and hence possesses less density Supposing the water at 33° F , and 
that it IS heated, we now obtain the cunoqp anomaly of contmction produced by he.it, and thus 
will continue till it reaches 39 2°, when it will expand, am. go on expanding till it attains 
212* F , when it will become steam Numerous experiments have been made with a vievv of 
determining the precise temperature at which water possessesits maximum density AccorJm? 
to Munke and Stampfer it is 38 8° F , while Blagdon made u 39°, and Hope and K.umford^ 4 ® 
M Despretz examined the question with oatreme care, and ft^ed the temperature *at 3 997 j ; 
or 39 194^* F. The temperature which is now univeiBally ^cepted is 4° C , or 39 •* F 
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following table Bhowa the volume and density (or apecific gravity) of water at various tem- 
peratures — 

Table of tiie Densities and Volumes of Water at Temperatures vari ing from 9“ C. 

(15 8“ r ) TO 100“ C (212“ E ), ACCOiiuiKO TO M De&phetz. The volume and density 
at 4° C (39 2“ F ) = I 000000 


Temp 

Volmno 

Density 

Temp 

Volume 

Density 

— go C 

I 0016311 

0 50837* 

12* C 

z 0004724 

0 9095^7 

— 8 

I 0013734 

0 

13 

I 0005S62 

0 »/)‘i4i4 

— 7 

\ 0011354. 

0 99886s 

14 

1 0007146 

0 999,85 

— 6 

I 000918). 

0 99J0S2 

IS 

z 000S751 

0 99 oi'’S 

— s 

I 0006987 

0 999302 

20 

z 00179 

0 991-213 

— 4 

X « 005619 

0 “JJ 137 


I 0029J 

0 99707b 

— 3 

J 0004222 

0 990377 


1 OOJ33 

0 yiijOSS 

— 2 

I 0003077 

0 990692 


I 00593 

0 99)104 

— I 

I OOO..IJ 3 

0 999736 


1 00773 

0 992329 

0 

1 I 0001269 

0 990373 


1 OC9S5 

0 9i;n„.46 

Z 

1 0000730 

0 9999-7 


I 01205 

0 98^093 

2 

1 OOOOI3X 

0 990066 


I 01 , IS 

0 985756 

3 

X ooi‘>oo83 

0 999999 


X 0169S 

0 98)303 

4 

1 ooooooo 

I oo<jooo 


I oiijC 7 

0 i)Cn709 

5 

I oooooSj 

0 999990 

70 

1 0-.53 

0 1177947 

e 

t 0000300 

0 999969 

75 

I 02562 

0 9/5018 

7 

Z 0000708 

0 9999-9 

bo 

1 o,.u85 

0 971959 

8 

I 0001216 

0 9‘i«jS78 

8s 

1 0^215 

0 96^757 

0 

X 0001879 

0 999812 

90 

1 o3-,66 

0 995567 

10 

I 0002684 

0 999731 

93 

1 0,92s 

0 90*— J2 

11 

I 0003398 

0 999640 

ICO 

I 0431S 

0 95 C 0 j 4 


Wo notice above that the volume of water at so\eial degrees below its freezing pnmt has 
been given, and this aiisea from the fact th it, under certain condition^, water m ly bo cooled to 
1 torrporaturo many degrees below its fiee/iiig iioint without solidifying When watei is de- 
piived of air and cookd veiy slowly in a perfectly still place, it may attain a tiinpti vtnio of 
— 6"' C {21 2^' F ) , and when cooled in <1 v icuum beneath a hi} or of od the teiuperatuie has 
hoeineiluced to— 12“ C (104'* F) If, however, the vessed is agitated, tho water instantly 
Fohclifios, and the teinporatnio iiscs to o' C (32” F ) M Despretz Las cooled watci to — zo® U 
(—4° F ) without solidific ition * 

As water expands when cooled below 39 2“ F , and also expands in fieezJng, it follows that ice 
IS lighter than icc oold watci IM I’lunuer has deteitniiied tlie density of icc, and faiids it to 
he o 9Z013 at — 19° CJ ( — 2 2° F ), and o 91800 at o® < 1 , fioni which he deduces o 000122 as tho 
eottticient of cubical evpauMoti of ice for I® C In viilue'of its (Umiiiishcd speeiht giavity, ice 
floats upon ice cold water, and masses of water — inland seas, lakes, rivers, 6,e — can never bo 
fi 07 cn into one mass of ice, tvs would be the case if le*, like other solids, were heavier than an 
equal hulk of the liquid which produces it As it is, the suifaee of watei fiec/ee first, and pro- 
tects the water beneath it and the fish within it Let us imagine a lake at a tcuiperaturu of 
40' F in an atmosphere of 30® F , the surface is chilled to 39 2“, and tho watr r at this tem- 
perature sinks at once to the bottom, while the wanner water rises and is c lulled 111 its turn, 
until the whole mass of water has the same temperature As the cooling eontinties, tlio water 
reduced below 39 2 floats on the surface, and a layer of it is frozen If ico wtic heavier than 
ICC cold water, lakes vvould freeze from below uiiwards, and vv ould become one mass of lec, by 
which means all fish and other living things within them vvould be destroyed 
We have mentioned above that water expands at tlie moment of freezing Now, tJie force of 
this exp insion is enormous If a small quantity of water is securely enelosed in an iron bottle 
With Bides an inch thick, and is then frozen, the bottle is broken To the s inie cause tho 
hurstiiig of water pipes during a sharp frost is to bo traced Tho pipes are full of vvattr at tho 
tune of the frost, and are broken when the water expands in becoming ice* Wlicn the thaw 
commences the core of ice melts out of the pipes, and allows the escape of water through tho 
insures, so that, although the pipes are broken during the frost, we only become aware of the fact 
when the thaw takes place For the same reason, porous stones are cracked, and musses of fissured 
rocks are loosened and dismtegrated during a hard frost Major Williams made tlie followmg 
^penment at Quebec, at a time when tho temjierature of the air was — 28® C ( — 18 4® F ) — 
fie filled a bomb 35 centimetres (13 75 mches) in diameter wit'i water, and closed it securely 
V an iron phig weighing three pounds At the moment when the wrter congealed, fho plug 
Was projected to a distance of more than 100 metres (328 feet), and at the same time a cylinder 
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of ice 22 centimetres (8 64 mches) long issued from the orifice of the bomb In a secoud 
penment, the plug was not forced out, but the bomb broke, and a sheet of issued from the 
crack 

MAXIMUM THERMOMETER A thermometer intended to indicate the highest tem 
peratuie attained during a day, or during any given space of time liuihcrford’ti Macimum, 
Thermometer has a moveable steel index at the end of the mercurial column As the tempera, 
ture rises, the mercury pushes this index before it , but when the temperature falls, the inJe\ 
does not follow the returning mercury The instrument is most conveniently set by bnngmir 
the steel index back to the mercury by means of a magnet In Philip’s Maximum Thii mo- 
meter, part of the mercurial column is separated from the rest by a minute air bubble , the 
detached part does not follow the mercury when the temperature falls In the ma\miuni 
theimometer of Negretti and Zambra the tube is bent near the bulb, and the bore eontiactcj 
at the angle Hence, when the temperature falls, the part of the mercury beyond the bend docs 
not follow the retreat of the rest 

MEAN DISTANCE In astronomy the mean distance of a planet is the mean between 
the greatest and least distances of the planet from the sun Thus the mean distance is e({iial 
to half the major axis of the orbit The extremities of the minor axis of an orbit arc at the 
mean distance fioin the focus 

MEAN SOLAR TIME See Day 

MEASURES See Metric Sifstcm 

MEUSU'J'A (Arabic) The star e of the constellation Gemini. 

MECHANICAL ADVANTAGE The ratio between the power applied to a machine, and 
the weight or resistance supported by the action of a machine when just on the point of Laiwiifi 
motion Thus if m a lever, having arms of i inch and 8 inches respectively, a power equ d to 
2 lbs apjihed at the long arm, keeps a weight of 16 lbs at the short arm at rest, the mLcbaiucal 
advantage of the lever is expressed by the ratio of 16 to 2, or 8 (Sec Virtual VelocUics 1 

MliiClIANICAL EFEECT Work done by any agent, and estimated in terms of some 
unit of weight raised through a umt of height (See Dynamical Unit, Foot-Pound, IIoisc 
Pouei ) 

MECHANICAL 15QUIVALENT OE HEAT A term introduced by Dr Julius hlajcr 
of Hedbronn 111 1842, to express tho relationship existing between mechanical work and heit 
The mecliamcal eijuivalent of heat is the amount of actual visible force or work (usually iiua- 
sured in foot pniinds or kilogrammctres) which is convertible into a unit of heat, and inti> uliuh 
conversely a unit of heat can be converted The determination of the mechanical cquiv iltnl ut 
heat fuims the basm of the modem science of heat regarded as motion It was nmde ([iiite 
indciicndently by Dr Mayer, and by Dr Joule of Manchester, the former deducing his ri'^'ult 
by calculating the work done by a gas in expanding under certain conditions, while the 1 itter 
worked expeiirnciitally, and proved the relationship between heat and work by direct incch iiiu d 
and calorimctncal means We will first consider Mayer’s method, aa stated by Tjiulall , and 
it 19 foi the method, rather than for the result, that we are indebted to Mayer, because ccrtim 
of Ins (lata were not perfectly coirect A gas expands of its volume foi 1° F, or -]2 , i' 
its volume for 1“ C , hence a given volume will, on having its temperature raised 490° 1' , or 
273° C > occupy twice as much space as before If we have a cubic foot of air at the fiec/ii)„' 
tempeiature of water, and under ordmary atmospheric pressure, and if we heat it until it 
doubles its volume, the heat which has prrKliuxd this expansion will have perfonned a cl i tun 
amount of woik, for it will have caused tho air to expand against tho atmoaphcvic prcs'ino 
Now as the atmospheric pressure on a square inch of surface is m round numbers 15 11)' 
follows that the pressure on a square foot is 15 x 144=2160 pounds Therefore the heat, iilmh 
has doubled the volume of the cubic foot of air, has raised 2160 lbs through a height of i tnnt 
The weight of a cubic foot of air at the freeing temperature is i 29 ounces, and by a calcnti 
tion relating to the specific heat, or capacity for heat, of a cubic foot of air compared with tl)’* 
of water, it is found that the amount of heat which has sufficed to raise the cubic foot of .ur 
through 490° ^ I 273° G , would raise o 31 oz of water through the same temperature, or 9i 
lbs, of water 1“ F , and 5 29 lbs 1° C Here, then, we have the data in terms of a unit of 
heat (which see), and the result may be stated as follows — The amount of heat competent to 
double the volume of a cubic foot of air under ordmary atmospheric pressure, and consequontW 
by the means to lift 2160 lbs to a height of i foot, is equal to 94 units of heat, (one piniuJ of 
water raised i' F ), or to 5 29 units of heat, if we take aa our unit i lb of water raised 1° f 
We now arrive at the second stage of the calculation It has been found that, when a gx.s is 
heated under a constant pressure (as m the above instance), it requires a larger apount of 
than wlpn it is heated under a constant volume , m the former case, it is allow^ to expam 
in the latter, the expansion is restramed. (See Specific Heat ) The relation of these quaiititK)^ 
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IS as : 43 t'> i» or according to a recent determination as i 414 to i A])pl}rnig this to tlie heat 
absorbed by the cubic foot of air under constant pressme, ■we inid the following proportion — 

1414 1 9 5 X 

I ■< 9 1! 

— ^ units of heat =6 71 units. 

1414 ^ 


Or, in the case of the Gentigrado uiut — 

I 414 I 5 : 5 29 • M 

1 X 5 29 .... 

- — — - =3 74 units of heat 
I 414 

Therefore, if the eubic foot of air had been heated under a constant volume— that 1^, if it had 
not been permitted to expand, and thus to cai.se an expenditure of foice equal to 2160 pounds, 
r.iiscd to a height of one foot, it would have required 671 units of heat of tho F scale, or 3 74 
of the G scale 

Now 95 — 671 = 2 79 Fahrenheit units, 

^ and 5 29 — 3 74 = i 5 S Ceutigr idc units 

Tlierefore we find tho excess of heat, imparted to the cubic foot of air, when allowed to expand, 
ahoie that required to simply raise its tcnipciaturc through 490" F or 273“ G , is 2 79 units of 
the F.ihrenhcit scale, or I 55 umtssif the Centigiade scale, and this excess has obviously lifted 
the weight of 2160 lbs thiough a height of i foot 



feet =774 I ft 
feet= 1393 5 ft 


Therefore I unit of heat of the Fahrenheit scale is capable, when converted into mcchamcal 
work, of raising I lb wcwht to a height of 774 i feet , or, wliat is tlic same thing, 774 i lljs to 
a height of I foot, and i unit of heat of the Gentig.ado scale can, when trausfoiincd into 
inecliaincal work, raise i lb weight to a height of 1393 5 feet, or 1393 5 lbs to a lieight of one 
font This IS the mode of calculation adopted by Ma^cr, to dotenmno the relation between 
licit and work — \u , the moehaiiicil oqmv.ilent «f he.vt 

Mr Joule pursucil an altogether dilftient plan Ho ROiieht to determine, by exponmental 
me Ills, tho relation of the animiut of uieeliaiiieal woik Jisappeanng in t^c foim of fiutioii to 
the heat which resulted Tho simplest ind most exact foi in of foiee winch he could use, was 
that of a known weight falling thiough a known spaci, under the action of the force of giaiity 
'iUe laws of falling bodies (which see) aie capable of, and have been submitted to, vciy exact 
dctcnmnation and verification, and ATr Jonlc wisely chose a filling body as his Kourco of 
iiicthanical jmwer , the motion was communicated to a spindle, which was caused to reiolvo 
by the unwinding of stniig from it aa tho weight desceiideil, on the principle of spuming a 
tup, or giMUg rotatory motion to a gyroscope, and the spindle cxpi rich d tlic motion tluis rcci ivid 
m producing friction in vaiioua ways, principally by uiusing a piddle to icvolvo in water and in 
mercury The paddle was inclosed in n ciictilar vessel, caicfully jirotcctcd from rereiving 
extraneous heat, and it contained watci at a known tcmptraluic The heat, resulting from 
the fiiction of the paddle witli the w.atcr, w.is mcasiirci! with grt it accuiacy by thcrnioiiictcra 
reading to of a degree Falirenhcit, and calculated according to ordiiiaiy caloriiiictiical 
methods, while every allowance was midc for loss of mechanical power through fiictiou of the 
pulleys, the spindle, and so on Joule’s cxpeiiuieiits were commenced lit 1842, tlicicforo 
simultaneously with Mayer’s first calculations iii tho same direction In August 1843 Joule 
coinmunicatcd hia first results, and ho continued the work for seven years, his priricqial and 
Concluding determinations were published in tho “ Philosophical Tiansactions” for 1850, the 
paper bearing date, June 4, 1849 

Mr Joule commences by giving a short historical account of tho mechanical theory of heat. 
In the development of this theory, a law discovered by Dulong during his researches on sjrccifio 
heat, has been of the utmost importance, because it proves that, under ceitam definite condi- 
tions, the calorific effect is proportional to the work done The law may be stated as follows — 
“Equal volumes of all gases taken at the same temperature, and uuder the same pressure, 
bemg compressed or dilated to the same fraction of their volume, disengage or absorb the same 
quantity of heat ” (Memoiret de VAcadettite dci Suences, t 10, p 188 ) In 1842 
Mayer stated that he raised the temperature of water by agination from 12° to 13° C (53 6 to 
55 4’ F ), but he did not mention the couditions of the expenment. In 1843 Mr Joule com- 
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mumcated to the PhtlosopJncal Magaane, a paper in which he announced that the temperature 
of water naes when it la forced through narrow tubes, and that i lb of water thus heated 
through l“ F requires the expenditure of an amount of mechanical force represented by j-jq 
foot-pounds — that is, 770 lbs falling through i foot, or I lb falling through 770 feet In 
1845 and 1847 he employed a paddle wheel in the manner above described, and obtained the 
numbers 781 5, 782 i, and 787 6, as the mechanical equivalent of heat, operating respectiiely 
with water, sperm oil, and mercury The experiments were made in a cellar which h id the 
advantage of being subject to very slight cli ingcs of temperature, and the fall of the weights 
used to produce the rotation of the paddle was 63 inches The weights were cither of 29 lbs 
or of 10 lbs , and they were caused to fall 20 times — that is, the paddle was caused to revolve 
to the extent produced by the weights fallii^ 20 times through 63 inches for each oxpcnmciit 
the temperature of the water in u Inch the jfiddle revolved, being taken only at the commence' 
ment and tcimmation of such 20 f ills of the weights The velocity of the weights in descend 
ing was about 2 42 inches per second, and the time occupied by each experiment 35 mmutes 
The following IS a summary of the results obtained — 


Number of 

Number of 

Material 

Equivalent 

Equivalent 

Mean 

lacrics 

Uxperimenta 

employed 

in Air 

m Vacuo 

I 

40 

WatPT 

773 fno 

772 figa 

772 692 

2 

20 

Mercury 

773 7<>2 

772 814 

j- 774 063 

3 

30 

Mercury 

776 303 

775 352 

4 

10 

C aat iron 

776 fjo7 

776 04s 

j- 774 9B7 

5 

10 

Cast lion 

774 bbo 

773 93 ° 


“I consider,” says hlr Joule, in eoiichiding his piper, “ that 772 692, the equivalent denied 
from the friction of water, is the most coiTect, liotli on account of the number of exiienuients 
tried, and the great capacity of the apjiai vtus for heat And since, even in the fnction of fluids, 
it was impossible entiiely to avoid viln ition, and tJie production of s’-ght sound, it is prohiblo 
that the above number is slightly m excess I will, theiefoic, conclude by considenng it as 
dcmnnstratcil by the experiineiits eont lined m this paper — 

“ I 'J'liat the quantity of heat, produced by the friction of bodies, whether solid or liquid, is 
always proportionate to the force expended , and 

“2 That the quantity of heat, capable of iiiiTcasing the temperature of a pound of iiatir 
(weighed in vacuo, .ifld taken at between 5 1;° and 60” F ) liy i‘' F , rccpiires for its evolution tlie l\ 
penditure of i mechamoal force represented by the fill of 772 lbs through the space of i foot " 
This 18 known as “Joule's equivalent,” anil is uiiiieisally adopted If the unit of lie it I’e 
taken as I lb of water raised i" F , 772 foot-pouiuls lopresent the mechanical cqunltiitof 
heat , whereas, if the unit <'f lieat he taken as i lb of water raised 1“ C , 1389 6 foot 
represent the mechanical equivalent of licit If Jonh’s equivalent is rejireseiited entiieh I0 
metne system iiiniibei-s, tlie meehamcal equivalent of heat is stated as 425 kduijinmmhi, - 
that IS to say, the ineehamc il force necessai y, v lieu coni ortod into heat, to laise the ti inis 1 1 
ture of I kilogiamme (2 2046215 lbs avoiulupois) of water, from o" to l° C (32” to 33 S I' \ 
13 rejiresented by the fall of 425 kilogiammes through the sjiioe of i metro (3 280S992 feitk or 
I kilogramme througli the spice of 425 metres Coniersely i calorie of heat, oouierted into 
mechanical woik, would raise 1 kilugr imiue to a height of 425 meties (See also 
Thei mo-di/nam , Cal 01 te ) 

MICCIIANTCAL VATATE OF L \TENT HEAT See Latent Heat 
MECHANICS (jUTyj^avT), a inadiine ) That bianeh of practical mathematics which enn 
aiders the nature and laws of moving powers with their effect in machines, ancl the n itiin , 
generation, and cominunication of motion The aeiuuee was divided by Newton into prac tii d 
and rational mechanics, the former of which related to the mechanic d powers, and the latter tc 
the theoi'y of motion It is usual now to divide mechanics into two divisions, the farst treating 
of forces which keep the body or bodies on which they act at rest, and thence termed a'afuS 
and the second treating of motion The latter is subdivided into two parts, the first, tenned 
kinematics, considers the proj^rties of motion apart fiom the forces which produce it, and the 
second investigates the relation of the forces to the motion which they produce Both Lranchu 
are frequently termed di/namtca, although this teim more properly belongs to the latter 
Mechanics, according to the ancient sense of the woid, considered only the energy of orgaM or 
machines Although the practical uses of the simple machines were undoubteVlly known 
the ancients they were almost entirely ignorant of the theoretical principles of*tbe scitneo 
Vitruvius, m his tenth book, mentions several mgemous machmes m which the mehned p'anci 
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puUyi and lever were used Archimedes was the first to explain the efficacy o£ these machines 
on true principles, m his treatise “ De ^quiponderantihus, ” and the science lemained almuiit os 
ho had left it until the sixteenth century, when Stevinus, an eno^ncer of the Low Countries, 
determined the force necessary to sustain a weight on an inclined plane lie was led to the 
solution by the fact that when a chain passes over the top of an inclined plane so that a part 
rests on the plane and a part hangs vertically, there will be equilibrium if the two extremities 
are in the same horizontal line In 1592 Galileo wrote Ins Ddla Scicnza Mcckanua with a 
full explanation of the theories of the lever, mchned plane, and screw A few years later ho 
added the theory of falling bodies and of the pendulum, and proved that the velocity of a 
fjUing body is uniformly accelerated Toincelli, the pupil of Galileo, besides other contributions 
to the science, proved the important thereom that “ if there be any number of heavy bodies con- 
nected together,and socircumstanced that by their motion their centi c of gravity can neither ascend 
nor dbscend, these bodies will remain at rest ’’ Descaitcs nc\t tieatcd the subject systematic- 
ally, but his theories of motion we I e to a great extent cnoneous and unsound In 16O8 the 
Koyal Society recommended the collision of bodies as a subject for investigation, and received 
in response three papers, respectively hj Huyghens, Walhs, and Wien lliiyghens also detcr- 
mmed the relation , between the length and time of oscill ition of a pendulum In 16S7 Newton, 
in his I’nncipia, (Separated the composition of forces fioiii the composition of motion, and by 
applying the principles of fluxions laid the fuumlatiou ot the modem system of tlRorctie.il 
mechanics Leibnitz made some improvements, employed the “ Pnueiple* of Suiiicieiit Ileason,” 
and clearly enunciated tlie law of continuity In l685 he published 111 the Leipsic Journal 
“the demonstration of a great error, commenced bylJeseirtes and otheis, in estimating the 
force of moving bodies ” In this aiticle it was stated th it the foice of a moving hoily did not 
vaiy as the velocity, but as the s<iuare of the velocity In the discussion whiih followed 
English mathematici.ana maintained that the force of a body of mass [lu) and velocity (? ) is 
proportional to mv, since when two bodies meet having these products equal their motion is 
destroyed , while the mathematicians of Germany, Italy, and Ifollaiid measured the foiee by 
Ml-* French mathematicians wore divided, Maelans, Btirhng, Des-iguliDTs, .Turin, Clirke, and 
Manan taking the first«vicw, and EernouUi, Ilcnnan, and Musclitubrock the Hucoiid Loth 
aides, however, always resolved the saino problems in tht' same way, and nriived at the same 
lesiilta In 1743 D'Alembert shovved that both views weic tine, and that the term foicc was 
used with different significations, the one refeiiing to time and the otlioi to h[>.ico When .v 
body is moving upwards against the force of the e irth’s ittr.action, the time ilunng which it 
will nse IS proportional to the square of the velocity If the force be refei-md to the time during 
winch it will overcome a given resistance then it is propot tioual to i, but if to tlic spare through 
which the resistance will be overcome then it is piopmtion il to i - (See Mommtum, and Eiirrtpi ) 

I he next iinjiortant contribution to inccliaiucs vv.is, the jiriucijilc of the conservation of living 
forces (iirci littt) established by J Bcmoulh In 1788 Lagi.viigo apjilicd the method of eo- 
nnlmatcB, and thus made the science purely analytical 

The best complete treatises on tho subject are Foisboii's Tiait 6 dc Mecamque, and Thomson, 
and 'i’ait’s Natural Philosophy 

MEDIUM, DESISTING A thffused ethereal matter supposed to oceiqiy the mtcr-plonetaiy 
and mter-stcllar spaces, resistmg the motions of all budicb .and peiccptihly mochfying the motions 
of such bodies as comets 


MEGASCOPE (geyas, gieat, and ffxoireM, to see ) An instrument for taking magnified 
drawings of objects It is the same in principle as tlie Solm hhnoiaypr and Ma/fit iMnlein 
melody A snccebsion of single sounds That biaiieh of the musical ait which treats of 
the relation of sounds produced m succession 

ibitnds used in Mdody The senes of sounds used in music are thus related — Let us take a 
*>nund as tha^ for instance, which is produced by 512 vibiations per second as a fixed sound for 
Mfurence, then let us obtain the sound made by twice this number, 01 1024 vibrations per 
'■econd The second sound is termed the octave of the fiist By dividing tin interval between 
these sounds into six equal parts, we obtain sm tones, and, by dividing it into twelve equal 
r^rts, we have twdie mean semitones included by thirteen hounds Similarly, any other octave 
^ntams twelve mean semitones If from the thirteen soumhi including the octave, we strike out 
the 2d, 4th, 7th, 9th, and lith, the sounds remaining form what is termed the major scale If 
J'e strike out the 2d, 5th, 7th, lOth, and nth, we obtain tlie minor scale In tlie major scale 
the interval between the first and third notes is a major third, and m the minor scale this mter- 
® minor third (See Musical Interval ) 

^ese two %cales, which, from their mtervals consisting chiefly of tones, are both included 
®>ider the teftn Diatonic Scale, form the source or fountain head of all modem music, tne major 
supplying us with expressions of a joyful or tnumphant character, the mmor with strains 
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of plamtivenesB and sorrow The major and minor seales are also spoken of as modes of the 
Diatonic Scale It will be observed that in the minor scale senes, as above indicated, there is 
an interval of three aeimtonee between its sixth and seventh sounds This interval bemg 
extreme one, is avoided in melody by raxxvnff the sixth a semitone in ascending passages, and by 
hmenwj the seventh in descending passages 

In contradistinction to the Diatonic Scale, the scale or senes of mean semitones is called the 
Ckrimatic Scale 

Names of the Sounds The sounds of the major scale are named hy the first seven letters of 
the alphabet, C, D, E, F, G, A, B These letters were first used in the TEolian scale, wluth 
resembled our minor scale, and the first sound of which was called A A better knowledge of 
the harmonic relations of the sounds has led to the major scale on C being chosen as the normal 
scale , nevertheless, the jEolic letters have been retained, tbns making C instead of A the first 
sound of the normal scale The other sounds are named by means of the same letters 'with 
chromatic signs and b), to show that they are to be considered as elevations or depressions 
of the sounds adjacent to them 


Name 
1 C' 

12 B 

II B b or A Q, B flat or A sharp 

lO A " 

9 A b or G B, A flat or G sharp 

^ r 

7 G b or F S, G flat or F sharp 

£ -wy ^ 


4 E b or D jjl, E flat or D sharp 
2 5 D b or 0 D flat or 0 sharp 


Major Scale of 0 Minor Scale of G 



C 

• 

C 


B 

• 

B 


A 





• 

A b 


G 

• 

G 


F 

• 

F 


E 





m 

Eb 


D 

m 

D 


c • 

• 

C 


Sounds take the same letter names aa their oet ives The sound made by 5x2 vibrations jier 
second is middle C , by 1024, upiicr C , by 2048, 0 in alt, by 4096, C in Mmimo, by 256, 
lower C , by 128, c<m<m or dnnhle G 

Amongst vocalists, seven Italian syllables are also used to name the sounds of the mu''i(.‘il 
scale * 

I 234 5 678 

Do lie Ml Fa Sol La Si Do 


Pitch The relative height of a sound is termed its 'pdeh The pitch depends on the mini 
her of vibrations per second which produce the sound, the greater the number of \ibiations jiir 
second, the higher being the pitch 

The Staff To denote differences of pitch, five equidistant parallel lines are used, forming 
what IB terfticd the staff Symbols, termed notes, are jdaced on the staff in different positions 
to denote sounds of different pitch The staff, with its five lines and six spaces, will rPi>ie''ent 
eleven sounds Sounds above or below these ore represented by adding small lines, termed 
lines, thus — 



Clef The staff of five lines is sufficient for a melody written for an individual voice, hut 
parts for different voices are written on staves vihich represent sounds, from different ]><iris 
of the senes of musical sounds A sign teiincd a cUf is placed on one of the five hnes to bhow 
what sound is represented on that Ime There are three clefs in use 


I The F Clef, 2 The C Clef 3. The G Clef 

The following figure shows the relation of the vonous staves to one another The C cltf, 
which IS hero introduced for the two voices Tenor .ind Alto, is frequently diapeneed » it^. 
sounds of these voices being written upon the Treble Staff, and those of the tenor*appeari*iS 
octave higher than they are to be sang 



MEL 


367 


MEL 


'Ibrations Name 
per o* 
Second Note ^ 


1024 


SI2 


256 


F 

D' 

B 

G 

E 

C 

A, 
F, 

B, 


G' 

E' 

C' 

A 

r 

!> 

B. 

G, 

B, 

C. 

A.. 


Base Staff 



Tenor 


Alto 


Treble 



ItanifC of the Human Voice The ordinary range of women's and boy’s voices is in the treble of 
soprano (supremua, highest), from C (512 vih ) to G' or A, in the alto or contralto from G, to O' 
or B' The compass of njen’s voices is usually m the tenor, from C, (256 vib ) to (J (tenor, fiom 
rente, to hold), the leadimj voice so called, because in mcdiJuval tunes this voice sust iiiiimI thi 
loading melody The alto high) was so named because it was higher than the lending 

voice, and m the bass from G„ to D These limits, however, are often veiy much ext ceded by 
solo singers In 1770, Mozart heard Bastardella at Parma close a cadenza with C'" (<J in 
aftigiimo, or C of 4096 vibrations per second) In his Twelfth Mass also the same composor 
cinied the bass to G, to display tho voice of a celebrated singer of his day* Signoi L.iblachc, 
the late basso-profundo, could sustain with ease and iiower C„ (double C, or C of 128 vib ) 
Sii/natui ca Scales maybe founded on any one of the twelve sounds whith oecur in an 
octave The fundamental sound or key note gives its name to tho scale This key sound is 
also called tho tome of the scale 


0 Db 


I or A b 
I or G b 

Jor E b 
r or D b 

• 

1 or B b * 
1 or A b * 

OP G !, • 

V 


Majob Scales 
or 

Eb EEF:|orGb G GjjtorAb A A ^ or B b 



% 


B 


o 
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Erom the above Table it will be seen that the Scale of 


G requires one sharp, namely, 


D n 

two sharps, 

tl 

4 a: 

0 

1 
4 V: 

Ph 

A M 

three n 

II 

E C and G jjl 

E •. 

four II 

II 

E4c|,G#,andDjf 

B •! 

five II 

rr 

E#,0#,G#,D#.andA# 

E# .. 

SIX II 

rr 

F|c|.G#,D|A#,andE# 

C# 

seven h 

II 

Eic#,G#;D#,A|B#,andB# 

E II 

one flat, 

II 

Bb 

Bb •• 

two flats. 

11 

B b and E b 

E b 11 

three u 

If 

B b, E b) nnd A b 

Ab ri 

four II 

fi 

B b, E b, A b, aqd D b 

Db " 

five II 

II 

B b, E b, A b, D b, and G b 

Gb I. 

BIX II 

11 

B b, E b, A b, L b, G b, and 0 b 

cb II 

seven m 

II 

B b, E b, A b, D b, G b, C b, and P b 


In the same way minor scales may be founded on each of the sounds of the chromatic scale 
by writing out all the sounds of the octavo fiom the fundamental note, and rejecting the ad, 
5 th, 7 th, 10 th, and nth 

Instead of wilting the chromatic signs b) on the staff with the notes as they occur, they 
are usually written at the comincnccmcnt of the piece, and form what is termed the key sig 
nature The same signature is used for a major scale, and for its relative minor, * e , the ininnt 
scale most neaily related to it. The fulluwmg is a table of the signatures as they appear en the 
treble and baas staves . — 


^ t-/ •-/ « iT 

C Maj G Major, I) Major, A Major, E Major, 15 Major, Efi Major, C Jf Major, 

or or or or or or or or 

A Mm E Minor B Mmor Ej Minor C;[f Minor G^ Minor D||| Minor A ^ Minor 





EMaj., B^Maj, Eb Major, A ^ Major, Bb Major, 
or or or or 

G Mmor C Mmor F Minor. B ^ Minor. 


t/T tj iJ . I 


or 
D Mm. 


G^ Major, 
or 

E b Minor. 


C ^ Major, 
or 

A b Mmor. 
















All sounds introduced into a melody which are not in the scale in which it is commencedMC 
accompamed by their chromatic signs, which are then termed accidentala. The effect of a anarp 
or a flat is removed by a natural |!j. . V * i 'Bda- 

Durattwu The duration of musical sounds may be considered relatively or absolutely, 
tive duration la indicated by the ahapea of the notes, thus— 
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Note. 

a 

1 

r L 

1 It 

Name. Breve. 

Semibreve. 

Minim. 

Crotchet. Quaver. 

Batios of No j 
m a given tune. 

1 * 

I 

a 

4 

8 

Batios of 
duration. { 

[64 

32 

16 

8 

4 


P 


I 


Semiquaver 
l6 32 

2 1 


Notes of intermediate duration are formed by placing a dot after a note, thus malting it half 
as long again , or a double dot, the second dot navmg half the value of the first , or by groupmg 
notes of vanouB lengths 1^ the dwr or tie 
Iteiit, or notes of silence, correspond m duration to notes of sound, thus — 




Absolute duration is expressed approximately by the Italian terms, adagio, very slow, andante, 
sloir, moderate, moderate, aUegn, qmck, presto, very qmck, and a number of terms withmterme* 
diate BignificabonSi Exact mdication is affo^ed by means of the metronome, an instrument 
invented by Maelzel, a German mechanician, and consisting of a pendulum, the time of oscilla- 
tion of which may be varied at pleasure by means of a moveable mdex and a scale which shows 
the number of oscillations per mmute The mdication M p = 60 attached to a composition, 

shows that when the regulates: of the pendulum in Maelzel’s metronome is at 60, each OBCiUation 
represents the duration of a mimm Rhythm The recuTrence of stress in a melody at regular 
intervals of duration is called 1 hythm, the stress itself being termed accent. The position of the 
accents is mdicated by drawmg vertical lines across the staff so that the accented notes diall 
occur immediately after the lines The lines are termed bars, and the part of the melody 
between two bars, that js, between two equally accented notes, is termed a measure In the 
same melody ^ the measures are of the same duration Although the measures themselves 
indicate the rhythm, a mark la usually placed after the clef for this purpose, consisting of a 
fraction the denominator of which shows into how many parts the semibreve is divided, and 
the numerator how many of these parts are contained m a measure Thus of simple measures 
we have m duple rhythm f (read two-two) f and %, and m triple rhythm and f measure , of 
compound measures we have m duple rhythm % and ^ (also termed common) and in triple 
rhythm f, and f measure In the compound measures, m addition to the principal accent 
on the first note of the measure there is a subordmate accent on the first note of each subdivi- 
sion of the measure. 

&mple Afeaeures. 



Compound Measures 



Grouping of Measures. Every melody may he divided into groups of measures termed 
phrases, each having a distinctive character. By takmg a larger number of measures, the melody 
IB divided into strains or periods, having more strongly marked termmations or cadences. 

(himmon Forms Mdody. niie sm^ chant is a melody of one strain not strictly rhythmical, 
but suited for the mtoning of the prose of Psalms. The double chant consists of two such 
chains, rnie majority of Psalm, Tf ymn ^ and sacred and secular song tunes are pieces of two 
strains ^nie rhythmicid structure of Psalm and Hymn tunes depends on the metre of tho 
poetry to which Uieylare set. A long measure hymn consists of four-line stanzas with four 
^Jobic feet qp eight ^llables in each line , common measure consists of four lines with four and 
iamUf feet— eight and six syllables — altematdy. Short measure has two Unes with 
Ume ioniUo feet, tbe^ line with four feet, imd (hen a fourth with three feet. A sevens 
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hjmn has stanzas of four lines of seven sjllables, alternate syllables, beginning -with the first 
being accented. For the names of intervals, and the relation between the intervals of musical 
practioe and those derived from the theory of sound (see Mimcal Interval), and for the relation 
of sounds simultaneously produced see Harmony ^ 

MENISCUS LENS {i*yjvt<rKos, a httle crescent ) A lens having one convex and one con- 
cave surface, the convexity exceeding the concavity. It acts as a convex lens, bnngmg mcident 
parallel rays of light to a focus, 

MENISCUS PRISM See Pritmaiie Zms 

MENEALTNAN (Arabic ) The star /3 of the constellation Auriga 
MENEAR (Arabic ) The star a of the constellation Cetus 

MENOTTI'S BATTERY is a Darnell’s battery m which the porous cell is replaced by a 
layer of wet sawdust or sand. It is already much used for telegraphic purposes, being admirable 
for its constancy and for the ease and cheapness of construction In the Menotti cell, a 'tbm 
copper-plate, to which is soldered a gutta-percha covered copper wire, is laid at the bottom of a con 
vement jar, the wire projecting out of it Over this is placed a layer of sulphate of copper an 
inch or two thick, and then three or four inches of sawdust which has been well soaked m water 
A thick circular plate of zinc placed on the top, having a wire soldered to it, completes the cell, 
and by its weight keeps the sawdust and sulphate of copper well pressed down Frequently an 
inch of water is kept over the zinc plate to pieserve the wetness of the sawdust and thus duninish 
the internal resistance The current proceeds from the rinc through the cell to the copper , and 
the chemical action is exactly the same as m the Daniell’s battery, sulphate of zme being formed 
• and metadhe copper deposited 

MENSA (Abbreviated for Mons Mensm, the Tuhle Mountain ) A small southern constella- 
tion formed by LacajUe. 

MERCURY, In astrobomy the planet nearest to the sun Mercury’s mean distance from 
the sun is 35,392,000 miles, his greatest 42,669,000, his least 28, 1 15,000 As the earth’s mean 
distance from the sun IS 91,430,000 miles, it follows that Mercury’s distance from the earth 
vanes between about 45,000,000 and about 135,500,000 miles He is most favourably seen when 
nearly at hia greatest elongation, at a distance of about 85,000,000 miles from us, when he 
appears os a half disc His mean sidereal revolution is completed m 87 9693 days, while the 
mean interval separating his successive returns to mfenor conjunction is 1 15 877 days , so that he 
passes through all his jmases more than three tunes in the course of every year His orbit is 
more eccentnc and inclined at a greater angle to the ecliptic than that of any other planet , the 
eccentricity being no^less than o 205618, the inclination 7° o' 8 2" His diameter is estimated 
at about 3^5^ mues , his volume o 058, the earth's being unity , bis density one-tenth greater 
than, the earth’s , and his mass o 065, the earth’s being unity 

Mercury is examined under very unfavourable circumstances by the telescopist, on account of 
its great proximity to the sun Thus we have httle satisfactory evidence respecting his physical 
habitudes It is even doubtful whether the period of rotation assigned to Mercury (24h 
28s ) can be regarded os satisfactorily established , and certainly very littje reliance can bo 
placed on the values which have been assigned to the inchnation of the planet’s equator 
plane 

Since Mercury travels nearer to the sun than the earth, he is sometimes seen to pass over the 
Bun's disc A phenomenon of this sort, though far less important than a transit of Venus, is yet 
not without interest to the astronomer In particular, it affords him the means of justly esti- 
mating the nature of those peculiarities which characterise all transits During the last 
transit of Mercury, for example, astronomers paid great attention to the appearance presented 
by Mercury when just about to leave the sun’s disc (mtemal contact ) The formation of the 
small black ligament which seems for a few seconds to connect the disc of Mercury with the 
outhne of the solar disc, was found to be a phenomenon depending on the power of the telescope 
made use of, a oonclusion of the utmost importance m coimection with the approaching transits 
of Venus (See Monthly Notices of the Royal Astronomical Society, vols 29, 30 ) Transits of 
Mercury take place at intervals of 13, 7, 10, 3, 10, 3, &c , years (See Pland ) 

MERCURY- A beautiful white metal, hquid at the ordinary temperature Atomic weight, 
20a Symbol, Hg, from its Latm name Hydrargyrum, CSup, tLpryvpov, liquid silver, or quid,- 
silver. It was known to the ancients, and is frequently found native , it is usually obtained from 
the Bulphide, whicdi, when heated with lime m an iron or day distillatory apparatus, is decomposed 
with hberatton of the mercuiy which volatilises and sulphur which is retained by the lime Mer- 
cury does not oxidise at common temperatures, but near its boibng pomt it unites with oxygsu. 
It boils at 360* C. (680” F. ), fomung a colourless vapour of specific gravity, 6 7 . — 39 44 ° ?• 

(—39° F*) it solidifies with contra^on to a tin white, ductile and msMeable mefid. At the 
ordbnaiy temperatoie its specific gravity is 13 596. Vapour rises from it even at tiie freezmS 
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point of water in Bu£Boient quantity to whiten gold leaf. It disaolvea m hot nitric and sulphurio 
^ds The following are the most important oompounds of mercury — 

Oxides of Mercury Mercury forma two oxides, the black oxide and the red nvuln 
Blcude Oxide of Mercury, called also auboxide or Mercurous Oxide (HggO), is an almost black 
powder, easily decomposed by hght, heat, or reducing agents, into oxygen and mercury It 
forms a well-defined senes of salts, which are descnbed under the headings of the acids. 

Bed Oxide of Mercury, or mercunc oxide (HgO), knoim also as binoxide of mercury and Bed 
Precipitate, is usually prepared by igniting '^e nitrate of mercury , it is a crystallme, bnck red, 
scaly powder, which is decomposed by heat into oxygen and mercury, and also by hght super- 
ficially It IS very sbghtly soluble in water, but sufficiently so to give it a metope taste and 
^kaline reaction Beducing agents convert it either into the blade oxide or into metallic 
mercury It dissolves in acids forming salts, the most important of which are descnbed under 
the headmgs of the respective acids 

Sulphide of Meriasry Mercuric Sulphide (HgS), known also as Cinnahar and Vermtllton. 
When prepared by precipitation this is a black amorphous powder, but it can be changed by 
judicious treatment into the red modification Nati\e cmnabar is the pnncipal source of 
mercuiy , it is of a scarlet colour, somewhat transparent and crystallises in rhombohedrons. 
When heated cinnabar gets brown, and black, and volatilises, recovering its beautiful colour on 
condensation and cooling Its specific gravity is 8 i 

Chlorides of Mercury Mercury forma two chlorides, both of which arc of importance. 
Suhchloride of Merewy, or Calomel (HgCl), also called mercurous chlonde, protochlorido of 
mercury, is a cbngy white heavy powder, tasteless, inodorous, and insoluble in water , it is vola- 
tile below redness, ciystalbses m pnsms, and its specific gravity is 7 14 
Pe> chloride of Mercury, or Corrosive Sublimate (TTgClj), known also as mercuric chloride. 
Tlus IS a white semi-transparent crystalline compound, of specific gravity 5 42 When heated 
to 265® C (509® E ) it melts, and at 295° C (563“ P ) boils It is soluble in water, alcohol, and 
ether When a solution of mercuric chloride is mixed with ammonia a bulky white insoluble 
precipitate is formed, known in pharmacy under the nemo of white precipitate Its chemical 
composition is HgHjN, 01 , and it is colled omido chlondc of mercury, or chlonde of dimercnr- 
ammonium 

'odide of Mercury Mercuric Iodide (Hglg) This is a brilliant Scarlet powder which turns 
yellow when gently heated, but gradually recovers its scarlet colour, and mstantly when rubbed. 
It IS almost msoluble m water, but readily so m solutions of iodide of potassium , its specifio 
gravity is 6 3 

MERCURY, FULMINATING See Fidminic And « 

MERIDIAN {Mendies, mid-day ) In astronomy, a great circle of the celestial sphere 
passing through the poles of the heavens and the north and south points of the horizon 
MERIDIAN ALTITUDE. The mendian altitude of a celestial object is its altitude when 
upon the meridian 

MERIDIAN, BRASS. The brass ring within which a globe is suspended, and within 
which it revolves 

MERIDIAN MARE A mark placed at a convenient spot several miles from an observa- 
toiy, and due south of the place of the transit instrument, to serve as a means of marking the 
direction of the true south pomt of the horizon, 

MES ARTIM Arabic. The star 7 of the constellation Aries. It is a well known double, 
and said to have been the first recognised star of that kind 
METACENTRE The metacentre of a floating body is the point, the position of which, in 
regard to the centre of gravity of the body, determines whether the body is in stable or instablo 
equilibnum A floating body is kept at rest by two forces (seo Displacement), one of which is 
its weight, and the other is a force equal to the weight of the water displaced. The first o£ 
these acts vertically downwards, and may be supposed to act at the centre of gravity of the 
body The second acts vertically upwards, and may be supposed to act at the centre of gravity 
of the space (filled with homogeneous matter) displaced by the floating body If these two 
points are in the same vertical line, it is clear that there must he equilibrium, and there can 
only be equibbnum when such Is the case. Let the vertical line joining these two points, when 
the body u at res^ be called the axis of the body Suppose the body to be disjiloced, the posi- 
tion of the centre of gravity of the body, with regard to the body, remains unchanged, but the 
Centre of gravity of the displaced water is changed m position with regard to the body A verti- 
cal hue drawn throiigh the centre of displacement will cut the axis The point of inteFsection 
u called tl^ metacentie When the metacentre Is higher, than the centre of gravity of thei 
Wy, the «(raibbrium of the body is stable, that is, the body will recover from a shg^ displace- 
nent. If centre of gravity is higher than the metacentre, the body will roll over. 
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METALLIC BAYS, WAVE LENGTH OF. Tlial^n has published (Nova Aeta Reg Sot 
SdaU Upaalimsia, Series Tertia, vol vi, fasc, 2 ) au extended memoir on the wave lengths of 
the spectral lines of the elements. The author's work does not present any new measurementa 
but IS based upon those made by Angstrom, which had already been employed for the purpo^ 
of interpolation by Dr. W Gibte I'he method of proceeding was, however, new Each Inm i 
nous ray, the wave length of which was to be measured, was in the first place entered either 
upon Buuhhofif’s chart, which extends from A to G, or upon a new chut by Angstrom and 
ThaJdn, extendmg from G to H These rays were then transferred to the normal pktes of the 
roectrum furnished by Angstrom, and finally were entered upon the charts pubbshed mth 
^al 4 n's memoir, each being placed according to its wave length In some cases the graphical 
method was employed The description of the process employed m detennuung tiie ware 
length IS by no means clear The spectroscope used was provided with large telescopes, and 
with a pnsm of bisulphide of carbon, with a refracting angle of 6o' The number of elements 
examined amounted to 45 , of these 23 were m the metalhc state, the others bemg in the form 
of cMonde One important result obtained by the author is the proof that the sun’s atmos- 
phere contains titanium The following elements had not before been examined with the 
spectroscope, glucinum, zircomum, erbium, yttrium, thorium, uramum, titamum, tungsten, 
molybdenum, and vanadium Appended to Thaldn’s memoir is a chart, in which the spectra of 
the different elements are entered upon the plan first employed by Mr Huggins, so that all the 
spectra are upon one sheet, with the normal spectrum at the top It must be borne m nund, 
however, that the hues upon Thaldn’s map are entered according to their wave lengths, and not 
upon an arbitrary scale. The* memoir contains also a complete table of the wave lengths of all 
the hues of the elements examined 

METALLIC BEFLECTION Common light reflected from metallic surfaces becomes 
polansed elliptically, provided a sufficient number of reflections take place If plane polarised 
light IB used it becomes elliptic by a single reflection from a metallic surface at an angle differ- 
ing with each metal. Sir David Brewster gives the followmg list (Opticf, p 230) — 


Nome ol Metal Anglo of Maximum 

Folailsatlon 

Grain Tin, , 78* 30' 

Mercury, . . . . 78 27 

Galena, . . 78 lo 

Iron Pyrites, . . 77 30 

Gray Cobalt, . . 76 56 

Speculum Metal,* . 76 o 

Aintimony (melted), . • 75 25 


Marne of Metal Angle of Maxiimun 

Polarisation 

Steel, . , . . 75“ o' 

Bismuth, 74 50 

Pure Silver, . 73 o 

Zinc, ... 72 30 

Tin Plate (hammered), 70 50 

Jewellers’ Gold, . . 70 45 


METALLIC THEBMOMETEB The best known of these instruments was invented by 
Abraham Breguet, and is based on the unequal expansion of different metals for the some in- 
crement of heat Three thin strips respectively of silver, gold, and platinum are soldered to- 
gether, and coiled mto a spiral, so that the silver forms the interior surface, and the platinum 
the exterior One end of the spiral is fixed, and a needle,* which moves round a graduated arc, 
is attached to the other end Now, silver being the most expansible metal of the three, causes 
the spiral, when it is heated, to unwind itself, and this motion is registered by the index , simi- 
larly, when the temperature sinks, the spiral contracts and the index moves m the contrary 
direction The strip of gold is placed between the platinum and silver, so as to lessen their 
mutual effect, as if two metals of such different oxpansibibties as silver and platinum were 
placed m contact, it is probable that the strain would produce rupture This instrument, which 
IB usually called Breguet’t Udix, is graduated by means of an oidmary mercurial thermometer 
Metallio thermometers are sometimes formed of a compound band of steel and brass, which 
gives motion to an index by means of levers In the meteorograph of Father Secohi the tem- 
perature is indicated by the expansion of a brass wire seventeen metres m length, the moticn 
being conveyed and multipbed by a system of levers (See also Eamannon ) 

METALLOIDS See Metals and Non-Metals 

METALS AND NON-METALS The elements are broadly divided into two classes, 
metsls and non-metals, which meigc, by almost insensible gradations, one mto the other , so 
that it 13 impossible to give any defimtion of a metal which will not, in some way, either 
include substances decidedly non-metallic or exclude some metalbo bodies A metal is usually 
supposed to be heavy, solid, opaque, malleable, ductile, tenacious ; to possess good conduc^ff 
power for heat and electricity , and to have a pecobar lustre, known as the metallic lustre But 
Teiy few jnetals possess all these properties, whilst some bodies, wbch are decidedly nen- 
metaUio, posaesa many of them. Thus, u far as density is concerned, the alkali metw 
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lighter than water Mercury is only solid at a very low temperature Opacity is probably 
dependent only on mass, as Faraday has prepared fU^ of gold, platinum, and other metals so 
thm as to be almost as transparent as glass Malleability is by no means a general property, 
and is especially absent in those metals which are approaching the non-motallic group in chemical 
properties, such as antimony, arsenic, and bismuth Many metals, such as lead and tin, havo 
the properties of ductility and tenacity in a very mfenor degree, whilst in antimony, arsenic, 
and Dismuth they are entirely absent The conducting power for heat and electricity vanes 
through a very wide range, and is possessed by some forms of carbon m a much higher degree 
than it IB by certain metals AH metals possess the metalhc lustre, but this is also shared by 
Bome forms of carbon, by iodine, frozen bromine, selenium, and teUunum, which latter is, how- 
ever, one of the conducting links between metals and non-metals The basic properties of many 
me^hc oxides is strongly marked, but m others, such as gold, tungsten, molybdenum, it is 
very faint, whilst in arsenic and tellurium it is absent, and their oxides possess powerfully 
acid characters The fusibility of metals is almost universal, although the limits are the widest 
conceivable, ranging between a temper^ure much below zero to the highest artificial tempera- 
ture producible In the case of osmium, which has never yet been liquefied, it is probable that 
a higher temperature would have the desired effect Arsenic, however, volatilises before 
hquefying, passing direct from the solid to the gaseous state From the above it is seen that^ 
whilst there can be no doubt whatever about the position occupied by well defined metals, such 
as iron, copper, silver, thallium, lead, &c , and the non metallic character of sulphur, nitrogen, 
and chlonno, when wc take some of the intermediate bodies we find their properties veige one 
into the other in speh a manner that it is impossible to draw a sharp Imo of distinction between, 
metallic and non mctalbc bodies The following table gives the metallic elements at present 
known For their principal chemical and physic^ properties, see Elements. 


Aluminium 

Copper 

Molybdenum 

Tantalum 

Antimony 

Didymium. 

Nickel 

Tellimnm (con- 

Arsenic (considered 

Erbium 

Osmium (considered 

Bidorcdbysomoto 

by some to be a 

Glucmum. 

by some to be a 

be a non-metal ) 

non metal } 

Gold. 

non-metal ) 

Thallium 

Banvun 

Indium 

Palladium 

Thonum 

Bismuth 

Indium 

Platmum 

Tin 

Cadmium. 

Iron 

Potassium 

Titanium. 

Caasium. 

Lanthanum 

Bhoihiim 

$ Tungsten 

Calcium. 

Lead 

Rubidium 

Uranium 

Cenum 

Lithium 

Ituthciiiuni 

Vanadium 

Chromium. 

Magnesium. 

Silver 

Yttnum 

Cobalt 

Manganese. 

Sodium 

Zinc. 

Columbium 

Mercury 

Strontium 

Zirconium 


Metals seldom occur native, being generally met with in combination with oxygen, or sulphur, 
&c Metals unite with one another, forming what are called alloys (which see) (See also 
Elments, Table of) 

METALS, COLOURS OF The colours of metals as seen in the ordinary manner by 
reflected hght may be considerably intensified, and in some cases entirely altered by repeated 
reflection Thus, after being reflected ten times from pobshed surfaces of the same metal the 
colours are as follows — 


Copper, 

Gold, 

Silver, 

Zme, 

Iron, 


Scarlet. 

Red 

Furo Yellow. 
Indigo Blue. 
Violet 


When a film of metal is snfficiently thin to transmit light the colour transmitted is genendly 
®wnplementaiy to that which is reflected This, however, does not always hold good, for bght 
PSSBing through gold leaf is green. When, however, the gold is m a finer state of division, such 
** be obtained by precipitation, the colour is purple, which is complementary to the usual 
y®~??^lour of gold (See Odours of^odtea ) 

P ‘^”-^^^0I*TICAL properties op From an elaborate investigation published bv 
w Quincke pogg Ann , voL cxix , part 3), we condense the following results Plate^ of gold, 
^Ver, and i^tinum are employed, so thin as to be transparent, and these are examined in the 
Way as other transparent bodies When light falls upon a thick plate of metal it pone- 
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trates to a depth 'which is about as great as the length of an undulation, the so-called metallio 
lustre being laoduced by the conjoint action of the exteriorly and interiorly reflected or dispersed 
light The velocity of light through metals is one of the subjects studied by the author, and he 
has obtamed, in the course of this investigation, the remarkable result that light travels faster 
through gold and silver than through a vacuum But Faraday has shown that silver and gold 
films occur m different modifications, and M Qumcke finds that gold and silver metalUc plates 
through which light passes with a greater velocity than through air, may become spontaneously 
alter^ by simple standing, so as to tiansimt light with less velocity than it is transmitted by 
sur In the case of platinum it was always f oimd that the bght passed through witli less \ clocity 
than tlirough oir The ordmaiy polished silver and gold possess the same character as that 
modification of these metals which transmits hght with the greater velocity Their refracting 
mdices are therefore less than unity 

METALS, SPECTEA OF See Coloured Flamet 

METASTANNIO ACID (See Tin, BiMoxvdt ) 

METEOlllC IBON Iron is a frequent constituent of meteorites, sometimes constituting 
upwards of 90 per cent of them The other constituents which have been detected in masses 
of meteoric iron, axe nickel, cobalt, copper, manganese, chromium, tin, magnesium, arsenic, 
Lthium, sulphur, carbon, and chlorine, the nickel being usually present in the laigest quantity 
next to the iron 

METEOBIC SPECTEA Mr Alexander Herschel has succeeded in observing the spectra 
of meteors , he finds them to vaiy much m appearance, some giving continuous spcctia, others 
bright lines Sodium is a frequent constituent, sometimes, indeed, almost the only one visible 

METEOE, (fUTOi, in the imdst of , iJipa, suspension in the air , fieriwpoi, that which is in 
mid-air ) A name originally given to any phenomenon taking place mthe atmosjihcre, whether 
really aenal, optical, or otherwise Its use is now begmnmg to be almost entirely limited to 
luminous meteors (See Mctcort, Luminoui ) » 

METEOEOLOGY (p^Teupo\oyla ) The science which treats of atmospheric phenomena 
The term originally included the study of all appearances in the heavens, whether atmospherical 
or astronomical , but it is now appLcd only to the science which treats of the phenomena of 
weather and clunate 

Meteorology must doubtless have been studied in very early ages In ancient times, men 
spent so large a poition of their tiiuu m tlio open air, and in pastoral or amcultural pursuits, 
that they must early have begun to pay attention to those signs which indicate cliaiige of 
weather We find^ accordingly, side by side with astronomical speculations, collections of 
weather portents, forming part of the very earhest woiks which have been handed down to onr 
time Such lore as this appears 111 the Works and Days of Hesiod, and m tho Diosemcia of 
Aratus Later, Aristotle collected the popular weather portents in his work on meteors 
Theophrastus, Yirgil, Cicero, Lucretius, and others have presented more or less fully the 
weather wisdom of the ancients 

The more exact and systematic inquiries of modem times may he said to have begun with 
the invention of the barometer by Torricelli m 1643, though tho air-thermomctcr had been 
invented halt-a-century before that date by Sanctono of Padua Fahrenheit’s improvement in 
the thermometer in 1714, and the invention of the hygrometer (first used, though in a veiy im 
perfect form by Saussure) led to the farther advance of the science, by placmg at the disposal 
of men of science the means of measuring the heat and moisture of the earth's variable tuic 
lope. 

The histmy of meteorological research records the interpretation of the trade winds by Hadley 
in 1735, Dolton’s mvestigation of the aqueous phenomena of the air half a-century later, the 
work of Darnell in the beginning of the present century, and so to the labours of Humboldt, 
Dovd, Kaemtz, Tyndall, and a Lost of eminent men in the present day 

The vaxiouB branches of meteorological inquiry will be found dealt with under the heacu 
Atmosphere, Climate, Clouds, ITind, Fain, &c. 

METEOBS, luminous. We propose to include under this head the consideration of an 
those objects, os shootmg-staxs, fireballB, asteroids, &c , which axe now known to be visitants 
from the interplanetary spaces 

From tho earbest ages men have recognised the fact that m the upper regions of axr ii®** 
nous objects resemblmg stars make their appeaxance, sweep athwart the heavens, and then 
vamsh from inew , that other objects, apparently larger, make their appearance in the same 
Way, but seem duimg their progress through the air to undergo a process of disturbance 
times following contort^ paths, and exhibitmg a tram light and smoke, at otheisitbvidi^ w 
two or bore separate masses, at others bursting with loud explosion into fragmentl^ 1 
otiier bodies (see Asteroids) actually reach the surface of the earth, their substance exbibitina 
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traces of the action of violent heat to which these bodies have been subjected duimg thiSr pro- 
gress through the air It has farther been long known that theso objects pass through our 
atmosphere during the day-time nJao, though not then commonly visible by their light but as 
suddenly appearing smoke clouds Fmally, it has been long knoivu that at times shootmg stars 
appear in great showers 

Without pretending to give a history of the progress of earlier research into the nature of 
these strange appearances, we shall now detail the observations which have been madeiiiiecent 
tunes, and show how they lead us to the true theory of these objects 

The first observation which bears importantly on the views we are to form respecting meteors, 
is the discovery of the fact that on certain days t>f the year, shooting stars fall either lu showers 
orm greater number than usual , a similar tendency is observed m the case of fire balls, though 
no absolute shower of these objects has ever been observed Aerolites, too, have been found to 
falhmoie frequently on some days of the year than on others 

Kow the occurrence of a phenomenon of this soit on particular days of the j'ear is full of 
significance Wo cannot for a moment suppose that certain days in the year are more favour- 
able than others for the occurrence of jiutcly otmosjiheiic pliLnoinena , so that wc are com- 
pelled to abandon the theory that shooting stars mdiuitc {as some of tliu ancients supposed) the 
action of electric ot other processes irfthe air Agiin we are forced to reject the theoiy that 
tue moon is the source whence these objects reach cmr atmosphere fut, were this the case, the 
month and not the year would measuie their peiiodic iccuu ciice So that we need not consider 
the elaborate researches by which such astronomers as Ijaplaco and Olbers have exhibited the 
possibihty that lunar volcanoes might project masses within tlie sphere of uui earth’s atti action 
In like manner we can at once dismiss the tlicoiy that these bodies have been piojcctcd from 
tcrrcstnal volcanoes, since we know quite certainly that volcanic action is nob xcstiiclcd to 
particular days of the year, or in fact m any way associated with the earth’s position in 
her orbit 

We see at once that what we rcquiie is a theory which shall account for the fact that nlien 
the caith coma to certain points of Iter oibit, the phenomena of shooting-stais, &.C are to bo 
looked for Thoee pgjuts of her orbit aio definite regions of the solar system , and we thus 
learn that certain regions of the solar system aie to be regarded as in a sense tma tiled by the 
objects, whatever they may be, which produce meteoric di'jjlaj's liut we know quite cei tainly 
that no objects retain a fixed position in the solar sj stem — except the sun himself An object 
placed at rest, where the earth is when meteoric displays arc seen, would fall directly towards 
the sun These objects then aie in motion , and as their motion must ho rapid, and would 
thorefoie carry them away fioni the place wheie the earth encounters (hem, it follows (it we 
are to account for successive disjilays of star showeis) that there must be a bucccssiOti of theso 
objects all passmg athwart the earth's orbit 

In otlicr words, it has thus far been proved that the phenomena of shooting stars, fireballs, 
aerolites, &c , aie due to the existence of bodies travelling in extcnsivo orbits around the sun, 
aud that the recurrence of periodic displays are due to the cxistcnco of streams or syEtems of 
bodies so travelling 

But now a new fact was to point to a mode of learning what migl t bo the orbits of these 
objects It was found that when shootmg stars belonging to a periodic system make their 
apjicarance, their course is always diiected tioni a fixed point on the celestial sphere It is 
obvious that this fact m itself suffices to prove that the meteors come from interplanetary space, 
for on no other hypothesis can we account for the fact that the meteoric paths have a vanishing 
point not referable to the earth but to the stars In a heavy shower of ram, falling coutinuously 
in any direction, we should find that the course of every drop tended from a vanishing point 
having a certam altitude and bearing , and so long as tho direction of the wind remained 
unaltered, this vanishing point would remain unchanged in position But the vanishing point 
of a meteoric display rises and sets with the stars Wo learn faither from this fact, that the 
course of the meteors has not been much influenced by the earth’s attraction For, clearly, if 
a flight of meteors were sailing slowly past the earth, and she, by her attraction, brought a 
number of them to her surface, the paths of these would show no traces of the original duection 
ot the cluster’s motion It is obvious, therefore, that the shouting stars must be travelling with 
planetary velocity, so that any velocity the earth can impart by her attraction is relati vely 
Significant 

But then, the direction m which the meteors reach the earth bemg knowm, we have the 
®can8 of determimng the actual direction with which they were travelling through space, if 
only we c%a detemune the velocity with which they trai arse our atmosphere It is obvious 
*^t if w^do not know what proportion their actual velocity bears to the velocity jgcith which 
the earth is moving m her orbit, we cannot elinunate the effects of this last-mentioned velocity 
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BO aa to deteimine the outstanding reloeitj "belonging to the motion of the meteors round 
the sun. 


Here observation at first failed , direct solution of the problem, indeed, was not to be hoped 
for. Shooting stars and fireballs appear so suddenly, and move so swiftly, that the most 
experienced observer cannot hope to time them exactly, and nothing but the most exact 
timing by two experienced observers separated by a considerable distance, (many nules at the 
least), combined with a true record of the path of the shootmg star, from its appearance to its 
disappearance, could give the means of determinmg the real velom^ with which these objects 
move. 

So far as the height of appearance and disappearance was concerned, there was less difficulty , 
and it would seem to have been satisfactorily established by the researches of the Padre Secchi 
at Borne, Professor Newton m America, and Professor Alexander Herschel m England, that 
shootmg stars appear at an average height of about 72 miles, and disappear at an avei'age 
height of about 53 miles. Pireballs also have been^bserved even more satisfactorily, so that 
in a few coses we have some means of forming an opinion of the velocity with which they move 
Thus a remarkable meteor appeared on April 29, which was observed by two practised observers, 
Messrs Baxendell and Wood, at Liverpool and Weston-super-Mare respectively , and from a 
careful comparison of their observations, Professor Herscbel was able to show l^at this object 
appeared at a height of 52 miles vertically over Lichfield, travelled in a southerly direction at 
the rate of about 20 miles per second, and disappeared when over Oxford at a height of 37 
miles, having traversed a course of about 7 5 miles But even m this instance doubt rests on 
the estimated velocity, and in the great majority of cases no rehance whatever can be placed on 
the calculations by which astronomers have sought to deteimme the velocity of meteoric 
motion by direct observation 

But it was of such extreme importance that in some way or other the nature of tho orbital 
motiouB of these meteors should bo determined, that astronomers set themselves to mquiro 
whether other ways of resolving the problem might not be found. 

We have spoken of penodic displays of shootmg-stars There are two of these shooting star 
periods which are so well marked that astronomers have given special attention to their pecu- 
liarities One IS that which produces tho well-known star showers of August 9-10, called of 
old the Tears of St Laurence, the other is that to which we owe the remarkable displays of 
ahootmg stars occurring on or about November 13-14 

The November star-showers exhibit a well marked periodicity of splendour Three times in 
a centuiy we have for a year, or two, three, or sometimes even four years m succession, showers 
of unusual magmiiceifte The cycle, then, within which these maxima recur is about 33 years 
in length Now, it was clear that this cycle must m some way be associated with the period of 
revolution of these November meteors But at first astronomers could not believe that so long 
a cyde as 33 years can be the actual period of the November system , for with such a penod it 
waa easily calculable that the aphelion of their orbit must be beyond the orbit of the planet 
Uranus There were other ways of accounting for the cycle of 33 years, without adopting so 
staitlmg a theory as this A pccuhanty of tho November showers had to be accounted for, 
however, which seemed to promise to throw new light on this question The shower occurs 
later and later year by year, and after taking into account the effect of precession, it was found 
that there is a real advance of the node of the meteor system on the ecliptic. But astronomers 
know how to calculate the motion of the node of a body circling m a given orbit about the 
Bun. It remained, then, to tiy different periods Given the penod of the system, the velocity 
with which the meteors cross the earth’s orbit could be at once determined , then, (the radiant 
bemg known), the actual direction in which they cross that orbit, and so the actual position and 
fih^ie of their own orbit could be determmed Professor Adams applied his great powers to 
calculate the nodal motion of the November system on a variety of asaumptiona as to its penod, 
all the assumptions, however, bemg adopted so as to explaon the 33 year penod already men- 
tioned. One orhitiJ penod after another failed, imtil the penod of 33 years was alone left 
untried There were difficulties in treatmg the orbit corresponding to this penod, on account 
of its great eccentricity However, Adams applied a method invented at the begumuig of the 
present century by Gauss to the solution of this difficult problem. He found that, on the 
assumption of a penod of 33I years, the motion of the node is fully accounted for by the 
tions of the planets Uranus, Jupter, and Saturn. Thus, no doubt remained that this penM, 
so long (aiffi with reason) reject^ by astronomers on account of the enormous extent of the 
orbit it gives the metems, is the true period of the meteor system 

But, m the meantime, a startling discovery had been made. Schiaparelli had hpen led to 
inquire wlmther the coincidence that the comet of 1862 crossed the earm’s whit precftely where 
we encounter the August meteors, is accidental or not. It is evident that the August meteors 
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ini^ht cron the earth’s path at this particul^ point in a myriad different directions Only one 
would coincide with the comet’s track Now, Schiaparelli found that, assuming only a consider- 
able eccentncity m the path of the meteors, that path actually coincides with the path of the 
comet The nature of the correspondence will bo seen from the two following tables, the for- 
mer giving the best estimates of the comet's path, the latter givmg the orbit of the August 
meteors on the assumption that the eccentricity has the same value as that of the comet’s 

Lar^ Au^st Meteors, 

Comet of 1863, (SchlspareUl's 

(Comet III 1S63 } Elements ) 

Longitude of perihelion, . , 344“ 41' 343° 38' 

Longitude of aacendmg node, , 137 27 138 16 

Inchnaiion, . . . 66 25 04 3 

Penhebon distance, ... o 9626 o 9643 

Penod, . . , . 123 74 

Motion, .... Retrograde Retrograde. 

The agreement is far too striking to be accidental Every astronomer, in facf^ who studied 
the evidence attentively came to the conclusion that there was some association (though what 
its nature might be was unknown) between the August meteors and the bright comet of 1S62 ) 
But it was felt that the evidence would be complete if, now that an exact orbit was found 
for the November meteors, a comet could be shown to be associated with them also By a 
strange accident, the proper comet had been detected by tclcscopists (it was far too small to bo 
visible to the naked eye) only a few months before Adams completed his labours Peters and 
Schiaparelli independently discovered that Tempel’s comet (Comet I 1866) had elements which 
may be regarded as absolutely identical with those of the November meteors The following 


tables show this — 

Novembet Meteon 

Teuipel’s Comet. 

Penhelion distance, 

. 0 9893 

0976s 

Eccentnqity, , 

. 09033 

09054 

Semi-axis major, . 

. 10 340 

18“ 3' 

10324 

If 18 1' 

Inclination, 

Longitude of descending node. 

. 51 28 

51 26 1 

Penod, 

Motion, 

. 33 ’ 2 S 

33 ’ 176 

. Retrograde. 

Rct^grade. 


Considering that astronomers had determined the principal features of the orbit of the 
November meteors from the estimated position of the radiant point whence the shooting stars 
seemed to proceed on the mght of November 13-14, 1866, the coincidence cannot but bo 
regarded as simply complete 

Now, what the nature of the association between comets and meteors may be, it would be at 
present idle to inquire We ore still so completely in the dark as to the nature of comets, and 
further, we know so little as to the condition of meteors as they traverse interplanetary space, 
that it would be fruitless to endeavour to show how it happens that bodies which seem to bo 
like the hghtest vapours, should be followed by bodies which would appear to traverse space oa 
discrete masses of considerable density 

But apart from all speculations on these points there are some results which seem so clearly 
deilucible from what hM been learnt respectmg meteors tliat wc do not hesitate to present them 
ss a legitimate sequel to the account above rendered 
Knowmg now that meteors travel in orbits os eccentnc as the cometic orbits, we have eveiy 
leason to regard the fact that the earth encounters no less than 56 meteor systems, (as Professor 
fterschel savs , but Professor Heis says she encounters more than 100), as affording positive 
proof that the total number of these eystema must be counted by millions on millions 
Agam, we know that though some of these systems consist of bodies like those forming the 
November system, that is, of bodies scarcely exceeding a few ounces in weight, yet the com- 
Pouiits of some meteoric systems are bodies of considerable mass. 

r et further, the existence of countless milbons of these systems within the planetary scheme 
kods to the condusion that in the sun’s neighbourhood meteoric masses must be distributed in 
amazmg profusion. For an eccentnc meteor system is a sort of radial appendage of the solar 
Bvstem , and the existence of a senes of radial appendages around the sun mvolves the necessity 
“I a relative crowdmg of matter in his neighbourhood * 

ft seems te follow then, most condusively, that there must exist all round the sim such 
streams an^ crowding ^tems of meteors as could scarcely fail to be rendered visible under 
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favourable circumstances, i11n T niTi n.t<»i^ as they would be by the spleudour of the eun whose oib 
is relatively so near to them 

There seems good reason for believing that m the zodiacal light we do actually see this con- 
genes of meteoric systems, or at least its outlying parts , while the solar corona presents 
precisely such an appearance as we should expect that system of systems to present m the 
immediate neighbourhood of the g^at centre about which each system is revolving 

If the zodumal light and the solar corona be thus explained, (and we can see no escape from 
the conclusion that tins is the true explanation), modern researches mto the theory of luininuii^ 
meteors may not unfairly be said to have thrown a most important bght on the whole cLunomy 
of the solar system 

METONIC CYCLE See Cyde 

METllE (nirpov, measure ) The French unit of length {See Metric System ) 

METllIC SYSTEM The system of weights and measures first adopted in Frandfe, but 
now gradually coming into use in other countnes We propose to describe under this head the 
present English and French systems of weights and measures, and to exhibit the lelituiiii 
between the two Until the metric system or some modification has been adopted iii Engl md 
it IS absolutely necessary that the student of science in this country should have the means of 
readily translating weights and measures from one system to the other 

The first point to be considered is the actual basis of each system, the standard to which each 
13 primarily referable 

The fundamental unit of English measurement is the yard It is determined by reference tu 
the length of a pendulum vibrating seconds of mean time in vacuum in the latitude of Lomhin, 
at the sea-level This length is to be divided into 3913929 jiarts, and the yard is to contain 
36 (xx>oo such parts The yard is divided into 36 inches, so that the pendulum beating scuimb 
in the latitude of London contains 39 13929 inches (Fropcrly speaking the mch is moie justly 
to be regarded as the unit of length than the yard ) 

The English units of capacity and weight arc derived directly from the unit of length Tin, 
standard r/allon contains 277 274 cubic inches, and the pound avoirdupois is the tenth pirt of 
BUth a gallon of distilled water at the temperature of 62® Fahrenheit when the barometer stuiils 
at thirty inches, the water being weighed at the sea-leveL The pound weight is divided into 
7000 grams 

The measurement of surface is too closely associated with that 0! length to need ‘-pen il 
notice Eut to the above units wc may add tbo umt of land measurement, the acre, coutiinui,' 
4840 square yards ^ 

In the French system the fundamental unit is the mdtre, which is determined by refcicnco to 
the length of a mendioiial circle It is the ten millionth part of the quadrant of the iiieiidiiii 
of Pans The length of a mbtre m English inches is 39 3707898, or nearly a quarter of an uiih 
more than the length of a pendulum vibiating seconds in the latitude of London 
The French unit of surface is the are of 100 square metres 
The unit of capacity is the hire, the 1 000th pait of a cubit rafctre 

The umt of weight is the yiammc, the weight of the 1 0,000th part of a cubic mfctre of naUi 
at its maximum density (The kilogramme, or tho weight of a htre of such water, is, Lon ever, 
commonly employed os more convement ) 

The value of these umts docs not depend, however, on the accuracy with which the lariui]-. 
measurements have been made by means of which their value has been determined It h 
indeed, been shown by Sir John Herichel that there is probably an error of about the ioath 
part of an mch (in defect) m the determination of the French mfetre, while Professor Milhr ‘i* 
Cambridge has shown that the weight of the standard kilogramme is less than that of a c’lUu 
litre of water at its maximum density, having been deduced before this maximum had beau 
accuratdy determmed ' 

However important the determination of the true length of a meridional arc may be m its^l • 
(see Earth, Figure of the , Latitude, Degt ee of, &o ,) or whatever interest may attach to ^ 
inquiry mto the true maximum density of water, the value of a system of national weights an 
measures is m no sense impaired by slight differences such as those referred to . 

The essential excellence of the metric system is derived from the mode of multiphcation aui 
subdivision of the units according to a uniform decimal notation. . . 

The multiples of the different units are mdicated by prefixing Greek names 
the name of the unit, the subdivisions by prefixing Latin names of numbers These pre 
ore therefore for decimal multiples, dJeor, hectO' (or hect-), JtiZo-, axAmyrw-, and for decimal 
divisions they are ddcir, centi-, and mtlh- % 

Thus for linear measurement we have the mitre , its multiples, the dd0smitn[tcn to • 
the kectomHre (one hundred inktres), the kUomitre (one thousand mktres), and the my n> 



ten thousand mhtrea) , and its sub-divisions, the decunHie (one tenth of a ml:tie\ the rtntimttre 
one hvmdredth of a mhtre), and the millunitre (one thousandth of a mhtre) (The impoitonce 
of distin^ishing between dJca- and diet- will be noticed ) 

In hke manner for weights, we have the gramme, its multiples, the dLtagra.nme (ten 
grammes), the hecto-gramme (one hundred grammes), the Lilogramme (one thousand graiiiiues), 
and the mynogramme (ten thousand grammes) , and its subdivisions, the dicigtamme (one tenth 
of a gramme), the centigramme (one hundredth of a gramme), and the mtlligi amine (one 
thousandth of a gramme) 

It wiU be seen that two advantages follow from this plan In the first place, the same 
prefixes are used in measures of length, surface, capacity, and weight, so that when knou n for 
one set of measures they are known for all -An d secondly, a decimal system of multijilieatiou 
and division being used throughout, no processes resembling compound addition, subtraction, 
luultiphcation, and division, are required in dealing with these measures, but only the some 
simple processes which are employed for the addition, subtraction, multiplication, and division of 
abstract numbers 

Foi the conversion of metric numbers into English measuies we give the following tables, 
compiled by Mr. Warren De La Rue 

I — ^LENCrni 



In English 
Inches 

In English 
feet 

In English 
yards 

In English 
luiU 3 

Millimetre, 

Centiinctro, 

iJtcinictre, 

Metre, 

D6canictre, . 

ifectometre, ... 
Kiluiiictro, 

Myiiomctio, ^ 

0 03937 

0 39371 

3 937“8 

39 37079 

393 70790 
3937 07900 
39370 79000 
393707 90000 

0 00 '(2809 

0 o'^-8o9o 

0 3280899 

3 2808992 

32 80^9920 
323 0899^00 
3280 8992000 
32808 99-0000 

0 0010936 

0 0109303 

0 10936^3 

1 0936331 

10 9^63310 

109 3633100 
1093 6331000 
1093O 3310000 

0 0000006 

0 OOCM>ilt)2 

0 00000.1 

6 0006214 

0 00621^3 

0 06214S2 

0 62 no ^4 

6 2136244 

1 Inch = 2 539954 centimetres 1 i jard ~ 0 9143834S metre 

I foot — 3 0479449 dccmietres | i iiiilo = 1 6093149 kiiumctro 


II — SUBFACE ♦ 



In English 
square yards 

In English square 
poles - 3J 15 
square yards 

In English squaie 
roods — izio 
squaru y irds 

In English 
acres 4840 
square yaids 

' CentlEm or square mfitre. 
Arc or Bo square mitres, 
Uectar^or 10,000 n 

X 1960333 

119 6033260 
11960 3326020 

003933S3 

3 9Sj8.!9o 

395 3828959 

0 oon9884^7 

0 09S845724 

9 884572398 

0 0002471X43 

0 02471 14310 

2 4711430996 


I square Inch = 6 4513669 square centimetres I i square yard = o 83609715 square mfitre 

I square foot = g 2899683 square dccunotres I i acie = o 404671021 hcitaro 


III — Caeacitt 



In Cubio Inches 

In Pints 

In Gallons 

In BualieU 

MUUlitre, 

Centilitre, ... 
Eicllltre, 

Utro 

Dicolitre, 

UectoUtre. 

Kilolitre, 

MyiloUtre, 

0 061027 

0 610271 

6 102 705 

61 027052 
610 270515 
6io2 705152 
61027 051519 
610270 515194 

0 001761 
0017608 

0 176077 

1 760773 

17 607734 

*76 07734* 
1760 773414 

17607 734140 

0 000220 I 0 

0 00220097 

0 02200967 

0 22009668 

2 2OO9O677 

22 00966763 
920 09667675 
2200 96676750 

0 000027512 

0 000275121 

0 002751208 

0 027512085 

0 275x20846 

2 751208459 

27 512084594 
275 120845937 


I cubU inch = 16 38 Ci 759 cubic centimetres | 1 cubic foot = s8 3>53i’9 cubic dicimettes 

r gallon = 4 5434579^9 htres * 
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rV — ^Weight 



In English 
Grains 

In Troy Os 
= 480 Grains 

In Avd Lbs 
= 7000 Gialna 

In Cwts 
= iia Lbs 

MllUgramme, 

0 o%S 43 ^ 

0 000032 

0 oooooaa 

0 00000002 

Centl^amme, 

0 IS 43®3 

0 000322 

0 0000230 

0 00000020 

Decigramme, 

1 543*35 

D 003215 

0 0002205 

0 00000x97 

Gramme, 

15 43*349 

0 03215I 

0 0022046 

0 00001968 

Ddcsgrsmme, 

154 323488 

0 321507 

0 0220462 

0 00019684 

Hectogramme, 

1543 «34 o8o 

3 215073 

0 2204621 

000196841 

Kilogramme, 

1543* 348800 

32 150727 

fi 2046213 

0 01968412 

Myrlogramme, 

1543*3 488000 

321 507207 

22 0462126 

0 196841 id 


1 grain = o 064798950 grammes 1 os Troy — n 103496 grammes 

I lb Avoirdupois = o 45359:65 kilogramme 1 cwt = 50 80337689 kilogrammes 


The following tables, taJrcn from a paper by Mr Boyaton-Figott, will also be found very 
useful for special purposes — 


British Inches 


MlUlmttres 

British Inches 

z 

25 39954113 

X 

0 039370789 

a 

50 79908226 

2 

0 078741579 

3 

76 19862339 

3 

0 118112369 

4 

lOI 5981645^ 

4 

0 157483159 


126 99770566 

5 

0 196853949 


152 39734679 

6 

0 236224738 

7 

177 79678792 

7 

0 275595528 

1 

203 i 9'533905 

8 

d 314966318 

9 

3*3 59587018 

9 

0 354337108 

xo 

253 9954113* 

10 

0 393707898 

12 (toot) 

304 79449358 

20 

0 787415796 

20 

507 990^2226 

40 

t 57483159a 

30 , 

761 98623396 

so 

I 96B53949 

36 <^ord) 

so 

100 

914 3834807s 

100 

3 93707898 

1015 96X64528 

1269 97705566 

2539 95411336 

aooo (mitre) 

39 3707898 


, Grains 

Grammes 

Grammes 

Grains 

7 

*4 

21 

28 

35 

70 

140 

350 

700 

7000 

(one pound avolrd ) 

45359 * 

907185 

1 380777 

1 814370 

2 267963 

4 5359*8 

9 07185a 

22 679632 

45 359*85 

453 59*852 

1 

2 

3 

4 

5 

10 

11 

20 

50 

too 

lOOO 

(kilogramme ) 

15 43*34871* 

30 864697440 ^ 

48 397 p 4^4 

61 7 ® 93 Wif ^ 
77 16174370 1 | 
154 3*348740 ' 
169 75583614 

308 6469748 

771 617437 

1543 *34874 

1543a 34874 


It win be noticed that the first colunm deals with decimal parts of one pound avoirdupois 
See Essay tm the Yard, the Pendulum, and the Mitre, by Sir John Herschel , Snot’s Arith 
metic, translated by J. Spear, &c , a paper by Mr Spear in the Popular Science Re\iew for 
October 1864 ; and another by Mr Boyston-Pigott m ^e same magazme for July 1870 

METBOCHROME. (jurpov, a measure, and colour ) An instrument devised oy 

Sidney B. Xincaid for measunng colour He has employed it for the estmiation of star colours 
It consists essentially of three parts — i, a lantern for the production of a constant light , z, » 
contnvanoe for impartmg to that light the necessary colour, and so arranged th^ ^>0 P^l^ 
tinge b^g once product, a record of it can be obtamed, so as to enable it to be reproduced a 
any tune , 3, an apparatus to throw that coloured light mto the field of the telescope 4s an an 
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ficial star, 'which can thus be viewed side by side 'with the image of the real one The Bcnrce 
of hght is a very fine platinum wire, rendered incandescent by a current of electricity, trans- 
mitted through it from a Smee’s battery of two cells The platinum wire is brought into the 
focus of a lens, so that the rays of hght from the lantern issue parallel, and therefore come to a 
focus after passing through the object-glass of the telescope, at the same distance from it as 
those emitted by a star The ohromographic part of the apparatus consists of a drum rotating 
about on ans The drum has in it six equidistant radial openings, the alternate three of them 
transmitting the normal hght of the lantern, the other three constructed so as to admit flat- 
sided stoppered bottles, contaming chemical solutions of different colours The outer edge of 
each of the last mentioned apertures is graduated mto ten parts, and each of these can be 
whoUy or partially closed by means of a radial shutter The other three apertures can be 
simultaneously closed wholly or partially by a triune radial shutter The edge of one of them 
IB divided into ten parts, and os all are equally affected by the movement of the shutter, the 
reading apphes to the three openings The drum is made to rotate so as to bring successively 
the different apertures in froht of the lantern , and when the rotation is sufBciently rapid, the 
impression of colour produced on the retina of the eye -will bo that of a colour compounded of 
the colour of the solutions in the three alternate apertures diluted by the white light transmitted 
through the other three alternate apertures By a proper selection of tlie solutions, and ad- 
justment of the magnitude of the several apertures by means of the shutters, it is jiossible to 
produce the exact colour of a particular star, and then the record of the solutions employed, and 
of the dimensionB of the several apertures, 'will enable the exact reproduction of such colour at 
any future period for comparison 'with the then colour of the star in question The remoming 
part of the apparatus is a contrivance for throwing the beam of coloured hght mto the tele- 
scope, so as to produce, as already mentioned, the image of on artificial coloured star 
MICROCOSMIO SALT See Pho^horut 

MICKOMETEE, DOUBLE IMAGE See Double Image Micrometer 
MICBOMETEH EYE-FIECE (fUKpos, small, and tterpov, a measun. ) This consists of 
an eye-piece having a ruled glass micrometer, or a spider thread micrometer, m its focus The 
image of the object aqd the lines of the micrometer are thus distinctly seen at the same tune, 
and measurements can be readily obtained The ruled glass is sometimes stationary, and some- 
times connected with a screw and graduated uuUcd head, so as to read off the measniements at 
the side The spider-thread micrometer consists of two spider threads fixed in the focus of the 
eye-picce, one of which is stationary, whilst the other is allowed to traverse the field, keeping 
par^lel to the first This is also moved by means of a fine screw and gradated nulled head 
fjouietimes, mstead of one mo'vmg wire, the frame carries two, crossing each other at an angle 
It 18 easier 'with this arrangement to get the accurate cinncidcncc of an object with tho pomt 
where the threads cross, thw -with the straight thread (See Lye-puice Micrometer, and Paratld 
Line Potttion Micrometer ) 

MICBOSCOFE {fUKpos, small, and OKoicea, to view ) An optical instrument by means of 
which magnified views of very minute objedts can be obtained Microscopes are* divided into 
simple and^mponad. In the former, the object itself is directly magnified by one or more 
convex lenjA Doublet, Triplet) In a compound microscope, a highly magnified imago 
of the objllg^ie first formed, and this image is then treated like the real object in a simple mi- 
croscope, the eyepiece here acting os the magnifier (See Compound Microaccpe, Dichrotc 
^icroiufp^^^cting Microtcope , Dinocular Microscope, Solar Microscope, Spectrum Micro- 
Kope, Pi^msing Microscope) 

MICK«C0FB, BINOCULAR STEEEOSCOFIC See Dinocular Stereoscopic Micro- 
scope ) 

MICEOSCOFIUM (The microscope ) One of Lacaillc's southern constellations. 
MICROSFECTHOSCOFE Synonymous -with the Spectrum Microscope, which see. 
MILKY WAY See Oaloofy 
, MINERAIj chameleon See Manganese 

minerals, hardness op. See Hardness of Minerals, 

^^INIMUM thermometer a thermometer so constructed as to register the lowest 
*^peratur6 dunng a day, or any given interval of time The prmciple on which it is coiv- 
•tnictcd is -tile reverse of that adopted in tho maximum thermometer In Rutherford's min*- 
wuot theimumeter, the spirit of -wme is used instead of mercury , and a steel index is placed in 
^ tube, the thermometer bemg suspended horizontally As the teinjierdture foils, the index 
earned down by the spirit , but when the temperature rues, the spirit passes 'the index, and 
to in^cate the lowest temperature reached dunng the 'day A magnet may be em- 
P eyed m sett^g the instrument, or else the bulb end must be raised _ ^ * 

at must be noticed cfpecially in employing ^his instrument, that the spirit of wine is apt to 
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collect, after evaporation, at the top of the tube It need hardly be said that, unless this end 
of the tube be free from spirit, the mmimuni i^gistered will be too low. 

MINIUM See Lead, Oxides 

MINTAKA (Arabic ) The star d in the belt of the constellation Orion. 

MIBA. (The wonderful star ) The star o of the constellation Cetus A remarkable van- 
able star (See Stars, YaruMe ) 

MIBACH (Arabic ) A name which has been given both to the star |3 of the constellation 
Andromeda, and to the star e of the constellation Bootes. Each star is also sometimes caUed 
Mizar 

MIRAGE (French, from the root of mm or, L, miror, to wonder at ) A phenomenon of nn 
usual refraction It is produced by the sun shining on a sandy desert, and heating the sand 
and lower stratum of air It gives the appearance of lakes or mnndations in the distance^ tho 
villages on elevations being apparently reflected in water It is probably due to total reflection 
from the boundary surfaces of two strata of air of unequal densities. (See Sef‘> action. Unusual ) 

MIllFAK. (Arabic ) The star a. of the constellation Perseus. 

MIRROR {Miror, to wonder at ) A pohshed substance used for reflecting light For 
optical purposes they may be mado of plane glass, glass coated behmd with tin amalgiim 
flooking-glass) , glass coated in front with a highly reflecting silver or platmum Him, or of specu- 
lum metal Mirrors ore planr, com cx, concave, and parabolic, which see. 

MIRROR GALVANOMETER See GalmHOmcler, 

MIRRORS, SILVERED Sec Sihcted Mirrors 

MI RZAM (Arabic ) The star /3 of the constellation Cams Major. 

MIST See Focf 

MISTRAL A violent (but steady) north-westerly wind blowmg from the southeastern 
parts of France across the Gulf of Lyons 

MlZAll (Arabic ) (See Mii ach ) Mizar is also a name given to the star t of the constel- 
lation Ursa Major 

MOBILE EOUILTBRIUM OF TEMPERATURE Seo Theory of Exchanges. 

MODUJiUS OF EliASTICITY Sco Impact, and Elasticity 

MOIREB METALLIQUE See Tin 

MOLECULAPv POTENTIAL ENERGY When a ball is thrown up into the air it pos- 
sesses, besides its actual motion or (otherwise called kinetic energy), acertain amount of 

other energy, called potential energy At any moment of its ascent it possesses the actuil 
motion which is ur|png it upwards, plus the possible motion — the motion existing in possibility 
not in act — due to gravity, which will cause it to descend to the earth when it reaches the 
summit of Its flight This is the jiotcntiol encigy of a mass In like manner, a man m a bal- 
loon, a hanging lamp, a pith b vll suspended in tho vicinity of a charged electrical conductor, 
two bodies whose chemical union is imminent, and a piece of iron suspended near a magnet, aro 
each and all m a condition of potential energy, because there is an action possible to them 
which is not possible u hen they are removed from tlic several attracting forces which influtneo 
them In fact, whenever matter is under the influenco of an attractive force, m ^ restrained 
position, BO that it can be actuated by that force only when the restraining mfluem^^ls remoicd, 
it IS 111 a condition of potential energy Now, when we heat a substance, a part of the heat is 
consumed in the performance of mechanical work (see Internal Work of a Mass of Multcr)—d 
has to overcome the cohesion of the jiarticles before it can separate them Suppose we heat a 
bar of iron to redness, the pai tides aie further apart than before heating (see Expansion), and 
heat has been converted into mechanical force m separating them They are in a condition of 
potential energy, and resemble a suspended weight This is mdlecuUir potential energy the 
potential energy of small masses As the heat which caused their separation passes off dunng 
the cooling of the mass, cohesion reasserts its power, and the particles approach each other , 
they resemble a b^ falling to the earth, a pith-ball approaching an electrified conductor, 
piece of iron a magnet, or a molecule of oxygen a molecule of phosphorus, save that they .are 
actuated by the force of cohesion instead of by gravity, electricity, magnetism, or chemical afhmty. 
An enormous force is exercised dunng this contraction , it would take more than a ton weight to 
stretch a bar of iron of a square inch in section to the same extent that a nse of temperature m 
9° C effects, and the same force is exerted in the opposite direction dunng coohng A &ho 
bar of iron half an inch thick may easily be broken by the contraction of a larger bar which ha* 
l^en heated to redness and is suffered to cool Moreover, this contractile force has been 
applied for the purpose of bringing together the walls of buildings, which have ceased to m i>e 
pendicular from sinking of the soil or other causes. Thick rods of metal are nassed 
the opposite walls, and are fastened on the outside by means of a screw on the itself ^ 
nutjs screwed up tight, and the rod then heated to redness , it lengthens, and the screw can 
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tightened ; as the rods cool they shorten, and the walls are drawn slightly closer By repeating 
this many times a sensible eflect may be produced, .and the walls ultimately brought to parid- 
lelism The most notable application of this was mode m the Conservatoire dea Aria ct Metiers 
lu Pans, the walls of which were commencing to bend outwards, but were straitened by thus 
utilising the mtensity of molecular foKjps On the same principle, the tires of wheels are put 
on while red hot, as are the iron hoops of tubs and barrels 
In the case of substances which have been suddenly cooled, such as unannealed glass (see 
Pnnee Eupert'a Drops), the moleoules are in a condition of potential energy, and when they are 
released from the state of stram by rupture of contmmty at one point, the potential energy 
becomes kinetic, and the kinetic energy becomes heat 
Molecules may be in a condition of potential energy under the influence of the attractive 
force, called chemical affinity Instances of this are of perpetual occurrence in chemistry 
iVben'a substance is decomposed by heat a certain amount of heat disappears, and is consumed 
in separating the molecules , when they rush together again to combine and form the original 
substance the same amount of heat is produced by the collision of the molecules as was con- 
sumed m separating them They are in the condition of the raised weight, then of the falling 
eight, then of the weight which has reached the earth and yieliled up its kinetic energy, which 
becomes heat Suppose, for instance, we have lead in the finely divided state in winch it is 
called lead pyrophorous , it is in a condition of molecular potential energy , a certain amount 
of heat has been consumed in bnogii^g it to that condition, and when the molecules are brought 
into the presence of oxygen gas they combine with it The molecules of lead come into collision 
with the molecules of oxygen, and the heat consumed m separating them reappears When 
molecules are m a condition of potential energy under the influence of their own cohesion , that 
is, when, as m the first example given above, heat lias expanded a body, and thus couferrod 
potential energy upon its molecules, a certain amount of heat disappears in the performance of 
intern %1 work, and when, on cooling, the molecules assume their original position, the amount 
(if heat which was consumed m separating them reappears (Seo also Specific Heat , Internal 
irriil nfa Maas of Matter ) ^ 

MOLECULE (Dipainutive of L m>Ua, a mass ) The smallest quantity of a compound 
which can take part m a chemical reaction. Thus tho molcculo of water la Hs|0= i8, and of 
ammonia, H,N = 17 

MOLYBDENITE See Mohjhdenum. 

MOLYBDENUM A metal discovered by Hjelm in 1782 Symbol Mo Atomic weight, 
9b It IS scarcely known in the metallic state, but is said to be a silvei^wlute, very hard, 
almost infusible metal, of specifac gravity 8 6 Its most important compounds are — 

Molylidic Oxide (MoO„ ) A red brown powder, precqntated as a hydrate, and soluble m 
acids, forming molybdic salts 

Molyhdic Acid (MoO)) This is a white, silky-looking crystalhne powder, of specific 
gravity 349, fusible at a red heat, slightly soluble in cold w.itei, foniung a slightly acid solu- 
tion By ^lysiB, Graham prepared a strong aqueous solution of molybdic acid, which, on 
ciaporation to di^ess, left the acid in a gum-like moss Molybdic acid unites with bases 
forming molydates Molybdic acid dissolves in ammonia Tho solution, when rapidly evapo- 
nted, deposits a crystalhne powder, having the composition ( N 114)20 2M0O, , when eva- 
porated slowly m the air, large transparent prisms are deposited, having the composition 

■Oiiiiip/ude of Molybdenum (MoSj ) Occurs native as Molybdenite It is very soft, and 
<^rystalhses in thin plates of a lead gray metalhc lustre It is easily cut tipccihc gravity 
4 4 This IS the usual source of Molybdenum compounds 

Moment op INEIITIA if a body be supposed to consist of a largo number of heavy 
particles, and the mass of each be multiplied by the square of its perpendicular distance from a 
Riven line or axis, the sum of all tho products is the momeiiU of inertia of the body with respect to 
™ axis The moment of inertia is a quantity that enters nearly every question in which tho 
•■jtatory motion of a body is concerned , for example, when a body under the action of a number 
®f forces IS free to move only about a fixed axis, it is found that the angular acceleration about 
4he axis is equal to the moment of the forces divided by the moment of inertia about the axis. 

Momentum The product of the mass of a moving body into its velocity It is a mea- 
*'^of the force acoumulated in a moving body A ball of lead weighing 10 lbs , and movmg 
^th a velocity of 15 feet per second, would strike an obstacle with the same force as a ball 
30 lbs in weight, and movmg with a velocity of 5 feet per second The momentum depends 
^ the mass and not on the weight, for a given mass of lead, iroving with a given velocity, 
strike th^same blow in. England as in India, although the acceleration of gravity ,*Bnd, 
'^'^Tefore, the weight, would not be the eauie m tiie two places. When a body in mottpn 
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impartB motion to another, as when a ball m motion strikes another at rest, the momentum lost 
by the first is exactly equal to that gained by the second When a system of bodies is m 
motion, the sum of the momenta of the parts of the system m any direction is equal to the 
momentum m that direction of the whole mass collected at the centre of gravity 
MONALKAIiA-MINES See Amtdea 
MONATOMIC ALCOHOLS See AlcohoU, Senes of 
MONAMIDES See Amtdes 
MONAMINES See Amtdea 

MONOCEBOS, {The Unicom ) One of the northern constellations, formed by Hevehns 
It contains many objects of interest to the telescopist The triple star 1 1 Monocerotis has bst.u 
described by Sir Wm Herschel as one of the finest objects m the heavens 

MONOCHORD (fiovos, sole, only , and x^f^y chord ) A musical instrument of onestnii'r 
invented by Pythagoras It was used at an early penod for the mvestigation of the laws of 
the vibration of strings Thus Ptolemy measured and proved all his mtervals by it Although 
onginally, as the name imports, it had only one string, the modem form of the instrument con 
eista of a long box upon which two stnngs are stretched One strmg has one extremity fixed, 
and the other attached to a weight ; the extremities of the other string are wound round screu s 
fixed to the box The lengths of the vibratmg parts of the stnngs may be mcreased or 
diminished by moveable bndgea (See Vibrations of Stnngs ) 

MONOCHROMATIC LAMP {/jmvos, smgle , and colour) A lamp which emits 

rays of one refrangibihty only Light of this kind is frequently required m optical expenments 
By mtroducing into a colourless spirit or gas fiame a tuft of asbestos saturated with chlonde uf 
lithium, sodium, or thalhum, monochromatic light of a red, yellow, or green colour may bo 
obtained 


MONOCHROMATIC LIGHT (jiokoj, single , and XP <^ P ^ colour ) Light of one refran- 
gibility, and consequently of one colour 

MONSOON (Arabic, manum, a season ) The name given to the trade winds and counter 
trade winds which blow m the Iiulian Ocean, the former from October to Apnl, the latter from 
April to October In the summer months the Asiatic continent is heated more than the eqiia 
tonal parts of the Indian Ocean, so that instead of air currents towards the equator there prt, 
vaol air-currents from the equator, and precisely as the air-currents towards the equator are 
changed through the effects of the earth’s rotation into north-easterly winds (see Winds), so the 
air-currents from the equator arc changed through the same cause into south-westerly winds 

In a similar waff monsoons prevail (though not quite in so marked a degree) over those part< 
of the Indian Ocean which lie to the noith of Australia, north-westerly countertrade winil 
taking the place of the south easterly trade winds, durmg the summer months of the southert 
hemisphere, that is, from October to Apnl 

MONTH, ANOMALISTIC The mean period of the moon’s revolution from pengee tt 
pengee of her orbit It differs from the sidereal month because the perigee does not occupy i 
fixed position. 

MONTH, NODICAL The penod of tho moon’s passage from ascending to ascending, e 
from descending to descending node of her orbit It differs from the sidereal month because thi 
position of the Ime of nodes is continually shifting, and from the anomalistic month because thi 
hne of nodes shifts at a different rate, and in a different manner, than the apsidal hne 

MONTH, SIDEREAL The penod in which the moon passes through the twelve signs o 
the Zodiac It may be regarded as the penod in which the moon, as seen from a fixed star 
would appear to desenbe a revolution around the eaith Its length is not constant, sometime 
exceeding, at others fallmg short, of its mean value 27 321661 days 

MONTH, SYNODICAL The common lunar month, or lunation, that is, the interv ai n 
which the moon goes through all her phases, os from new to new, or from full to full It ^ 
usually reckoned from new moon to new moon A synodical month exceeds a sidereal month 
becausdflhen the moon startmg from any assigned position has completed a revolution arouni 
the eait^Wie latter body has advanced considerably m her orbit rou^ the sun, and therefor 
the moon does not occupy the same position relatively to the sun that she had when she begai 
the revolution. She has, hr fact, still to advance through several degrees before regaining tha 
position. Tho mean value of a synodical month is 29 530589 days _ . 

MOON The satellite of the earth, a globe 2165 miles in diameter, and travelling in a new'’ 
circular orbit, at a distance of 238,800 miles from the centre of the' earth The density of t ' 
moon is httle more than half that of the eoi-th, so that her mass is but about the 89th par^^ 
the earth’s Gravity at h* surface is such that a terrestrial pound if remoyd to the 
woulcfweigh less than 3 oz The moon's apparent diameter vanes from a miDinram value ot z. 
SI'q", to a maxunum of 33' 
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The moon, in completing her circuit round the earth, presents varj mg phase? One half of 
her surface is always illuminated by the sun, but as the moon rotates upon her axis the boundary 
between the dark and light hemispheres contmually changes in position As the pol u a\is of 
the moon is nearly at nght angles to the plane of her orbit, and that plane iiichiK <1 <tt i small 
angle to the eclijitic, the boundary between the light and daik hemispheres appeus to shift 
nearly as a half ring would which should have its ends at opiwisitc extiomitiis of a diamcti r of 
the moon’s disc, and should rotate uniformly about that diameter as an axis The same hcini 
sphere of the moon is, however, always turned towards ns, the moon's rotation upon her axis 
being accomplished in the same tune as her mean sideieal revolution This remarkable relation 
has been supposed to result from the action of the earth m long past ages in gradually diminish- 
ing the moon’s rotation period (See Libt ation ) 

'i’he moon presents a remarkable appearance under the telescope There arc no traces eitlier 
of oceans or of an atmospheric envelope The whole smf ice of the moon ls div ersifiud bv pi ims, 
delations, and depressions of different orders, which liivc been thus dassihed by ill \\ ebb (m 
whose admiiable treatise, “ Celestial Objects for Common Telescopes,” the ii hole subject will bo 
found very fully treated) 

1 Gray Plains, called seas, but undoubtedly containing no water “ They are usually daikcr 
than the elevated regions which bound tlioin,” siys Webb, “but, with a stioiig general lescm- 
hlance, each has fiequently some peculiar chaiactenstic of its own ” 

2 Mountain Chains, Ildla, and Ridycs Those also aio ch irai tensed by many i iiieties 
“ Some are of vast continuous height and extent, some flattened into pi items mteiscLted by 
ravines, some rough with crowds of hillocks, some shaipencd into detiehed ami piiiipitons 
peaks ” One of the most stnking forms of elevation is that of narrow rulges, not iiiiuli lawed 
above the general level, but extending over euornious arcs of the inonn s siiif icc, and coiiiiinuily 
comicctiug remarkable mountains or craters These seem to indicate the action of tremendous 
forces of upheaval, bursting open parts of the moon's must, and acting more or less elfcctiitly 
according as the resistance experienced has been less or gieatir 

3 The Ciatcr-Jl/buatatiis These are, as Mr Webb justly ri marks, the oharactenstie peiiili- 

anties of the moon Although cratered monntams arc not unknowni on the earth, y it the 
water IS in all such instances far smaller than the tone, whereas on the moon tlio crater is 
relatively of enormous extent There aro also few signs of the emission of lavo-stru nns from 
lunar craters Within some craters signs of change have been huspceleil Mr Ihrt, for instance, 
who has paid much attention to the subject, lecogniscs van itions m the visibility of iiiaikings 
on the floor of the lunar crater Plato (See of the Jlmiaf Aitiononimd Sotic'ij, voJs 

\xi\ and XXX ) Keceiitly it was suspected tliat the sin ill lunar ei itor Juund, was m actual 
eruption , the eminent selenogiajdiei fjchiiiidt, of Athens, stating tliat it was hiddoii under a 
cloud of hght But it is now generally hcheved by astnuioiiicis tb it differences of illiiinniatioii 
aliiiiu have been in question Mr Biowmng in piiticular bas succi edud iii tracing changes of 
appearance in Linnd under varying illuminations, winch seem fully cipablo of accounting for 
the pecuhar appeaianccs attributed by Selimidt to an eruption It must be icmaiked, howi Ver, 
that some of the signs of change remarked by Schrotcr, (liuithuisi u, Webb, Jbrt, ,iiid otliers 
seem too marked to be regarded as merely apparent The inniient Imi mans Beer and il.idler, 
however, are not disposed to regard the moon’s surface as liable to change of any soi t 

4 Valliya of various dimensions 

5 Clefts {or Rills) These phenomena were first recognised by Schiotcr, hnt (riaiithuisen, 
Lohrman, Beer and Madler, and Schmidt, have added laigcly to the number of known objects 
of this sort They are, perhaps, the most perplexing of all the lunar feituies Wibb thus de- 
Bcnbes them — “These most singular furrows pass chiefly through levels, intersect waters 
(proving a more recent date), reappear beyond ohstiaictmg mountains, as though carried through 
by a tunnel, and commence and terminate with little reference to any eonsjncuoiis feature of the 
neighbourhood The idea of artihcial formation is negatived by their magnitude , they have 
been more probably referred to cracks in a shrinking surface The observations o^Knnowski 
confirmed by Madler, at Dorpat, seem m some instances to point to a less mtelh|((TO origin in 
rows of minute qpntiguous craters ” 

6 Faults, or “ closed cracks, sometimes of considerable length, where the surface on one side 
>8 more elevated than on the other ” 

The elevation of the lunar mountains admits of being measured with considerable accuracy 
by observations made on their shadows Schroter has estimated the average height of the 
lunar mountams to be about 5 Bnglish miles, so that they bear a far more imjiortant ratio than 
terrestrial mountams to the globe on which they stand ' 

From the|mstaataneouB disappearance and reappearance of stars which are occulted by the 
iiBooii, It may be concluded that if the moon have an atmosphere it must be one of vciy kmited 
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extent Lunar Theory , Month(AnoTmlistic,Sidereal,KaA.Nod,icajl), Precession, Nutation 

Elements, &c ) 

MOON CULMINATING STAllS See Lonyitude 

MOON, SPECTllUM OF THE Thia Bpectrum is cs'^entially that of sunlight, modified aa 

to its intensity in some portions by the colour of that portion of our satelhte from which it la 
reflected (See Sun, Speclt uvt of ) 

MORIN’S APPARATUS A machine constructed by General Monn to illustrate the lava 
of falling bodies It consists of a cylinder capable of rotation about a vertical axis, and caiistd 
to revolve by the descent of a weight attached to a rope wound round a honrontal a\lo A 
toothed wheel is fixed at one end of the axle, the teeth working in an endless screw on the upper 
extremity of the axis of the cylinder Uniformity of rotation is secured by the action of a Hj 
wheel, through another endless screw, on the toothed-wheeL The cylinder is surrounded ivith 
paper ruled with honzontal ancl \ ertical hncs A cyhndncal weight, faxed at the top of the 
machine when at rest by a catcli, canics a pencil, the point of which is gently pressed by ,i 
spring against tlio surface of the paper. The weight is detached by pulling a cord, and is 
guided in its fall by two mm wiics faxed in the vertical direction If the cylinder did not 
revolve, while the weight full, the pencil would trace a vertical line upon the surface , while if 
the cylinder revolved, but the weight remained stationary, a horizontal line would be traced 
When, however, the cylinder turns and the weight falls, a curve is traced which is found to ha 
a parabola The effect is tlie same as if the body were projected with a uniform hciri/ontal 
velocity .and allowed to fall under the action of gravity. The horizontal velocity of the cylinder 
for each unit of tune is known, .ind it is found txjicrimentally that the falling weight, at tha 
end of a certain time, is at a jioiiit situated, on the vertical line drawn from the point at whn h 
it would have armed if it h.id inoied hoiizonhilly only, and at distances fiom that point whiih 
increase as tlie sipiarc of the time, or as the muiibers, I, 4, 9, 16, &c , thus confanmn'f the 
theory of falling bodies and comeiding exactly with tho results obtained with Attwi'od’s 
machine (Sec Atluood's Mudune) Tho resistance of the air is neglected, the fonii of the 
weight and duration <>f the fall being such as to make this resistance inappreciable 

The ratio of the velocity of the falling body at any point to the horizontal velocity of tho 
cylinder ih dptcniiiiicd by drawing a tangent to the cuive at that point, “Sind producing it to 
meet the line rcpi eseutiiig the hon/on tal velocity, and dividing the perpentlicular dinhinco of 
the point fiom tho honzoiit il lino by tho length of the line intersected between tho tangent and 
the perjandiciiKr (Sec lutUtvii iJodies, Laus ot Motion ) 

MOlU’HINE An organic all. doid contained in opium, and constituting the most important 
of the nuinoious base? occurring lu it In the pure state it crystallises in colourless transjincnt 
tnraetiic pnwiis, very slightly vrjluble m cold water, alcohol, and ether Its coiiiiwsitiwi is 
Cj 7H|,,NO, Jt has a bitter taste, and is a powerful narcotic much used in medicine It 
neutralises acids .md forms i well crystallised Bcncs of salts 
MOSAIC GOLD Sqo Tm, Sulidude 

MOVING I'ORCl'l A turn ajuilicd toaprearurc producing motion in a mass when it la 
measured by the idditioual momentum iinpaiUd to the mass iii a unit of tune If by acting 
for a second of tune a foico iiicica.se tbt vclwity of a body from 12 feet to 20 feet jici sci oiul 
the moiui'/ foirc is the mass of the body multiplied by 8 feet, or the increase of velocity per 
second I’lic luoviiig force bears the same iclntiou to the momcatitfa as the acceleration does to 
the velocity, foi it is the iiicicxsc of monientiun la a second, 

MULTI }‘LE STARS Sec, Van, Double, kc 

MULITPLIER, 01 ASTATIC GATjVANOilETER, as it is very frequently called, is an 
instrument for detecting the existence and measuruig the strength of an electric cuiii.nt Its 
construction and mode of action aie as follows The lower needle of a very neaily astatic com- 
bination (which consists of two equal inignetised needles suspended horizontally one above tho 
other with their like poles 111 opposite directions) is suiroiuided by a coil of vvire within wlmh 
it can turn freely lound a vertical axis, the upper needle, of course, turning with it 'J'lic 1 dtir 
moves over a circulai caid which is jil iced alxive the coil of wire and on which the dcgiecs of 
the circle aio maiked Tlic extiomities of the cod of wire are brought to binding screws or cups 
of meicury for convenience of making connection with any wire or other body to be tested , 
and the whole instrument, except the screws or cups, is covered with a glass shacle to piotcct it 
from currents of air To use the iiistiument it is placed so that the needles are perpendicidjr 
to the axis of the coil, or, m other words, in a plane parallel to the plane of the w Hiding of the 
cod, and the wires from the supposed souice of eiectiicity are attached to the binding screns 
or mercury cups If there be any curient passmg the needles will tend to turn in a chrcction 
perpendicular to the line in w'hich the current is passing, the side of the cod to wl»ch the poles 
turn dejAnding on the direction in which the cunent is flow mg This m5truiuentt««i he mule 
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Tcry delicate, indeed, by mereasinw tbc number of tiimi of the eoil, or by raalvin" the needles 
veiy nearly eqjal, and therefore the system very neaily astatic The moiu nenly equil they 
are thc less is the directive force of the earth uixm the system , and it is this that icts n'^amst 
the current which tends to set the needles at right angles to itself It ■will leadity he under- 
stood that the action of all the parts of the coil upon the needle in its intciior is lu thi sime 
direction, that is, all the parts conspire to turn the poles the same way , and that thr vctioii of 
the upper portion of the coil on the needle above it also has the same tendency , the u Lion of 
the lowci part of the coil on the upper needle is of the epiiosite kind and tends to liini the 
system lonnd m the other direction, but as it is much more distant it produces comp uatiidy 
little effect 

G ilv-inomcters or multipliers similar to that described above, made with but a few turns of 
mederatcly thick copper wire, arc constmeted and Lnoivn under the name tJui iiiomuHiidu > , and 
are used in expel inieiitiiig on currents pioduccd by heat 'J'hcy .irc moilu in t!>*i w u bcciusc 
the cleetiomotivo force of theiiim-cuncnts is very sinill, and any rcsistencc siuh as that of a 
long thin wire would so duninisli the current as to inaki it insensible 

MUlj'L'lPLYlNG GLASSES An aimisnig toy, consisting of a piano convex "la" , liaiiiig 
on the convex MU face various flat faces, each of which being at a different angle fiom the* 
plane suifaci of the gl iss, forms a separate prism, huing a dillerent rcfiacting iiigli to th it of 
its fellows ^\'hen a luminous object, such as a candle is viewed through these, as many sc p i- 
ratc images of the object are seen is there arc faces to the glass, and these arc coloiucd by dw- 
pcrsiim iiioic oi less as they ajipmach the margin 
See y?oii 1 

MUl-’lIETD (Aiabic ) The star ij of the constellation Bootes 

RIU K \L GIRCLE An instiument for dcteiminmg tbc zenith distances of stais, md thence 
their noith polar distance and its complcincnta their (Icclination It consists of .i cucle be uiiig 
a telescope, winch revolves in tho plane of the meridian, the whole being all ichcd to a stone 
wall (11 jiior of solid masonry 

SIUltEiXID A brilliant red and purple colouiing matter, obtained, among othci inctliods, 
by tlio action of aqjmoiiia on alloxantin, one of the products of the oxiclation of imc .aci<l It 
fonns III illiaiit lour sided prisms, winch are of a nch mctdlic green loloui by iiflntid light, 
ind gaiiiet coloured by transmitted light, ludof which the formula is ('hH,,N,,(),, II di^soKi s m 
vvatci, foimiug a iich puijdo coloured bolution, which dyes silk, wool, cotton, and Ic itlici, with 
very fic'sh and biilliaiit colours 

MUl’TATIG ACID (d/uica, sea salt ) IhuhoMntc Actd 

MU SC A (The tty or bee ) A soutlioin ccinstcllition formed by Bay^r There is a small 
group of st us now restored to the constellatiim Anes to whieli the simo name w is giicii 

hlUSCULAll rOWKU The inuselcs of an animal ail mai hiin s doing woik A tbc work 
done by a steam engine-* is due to the force liberated diiimg the i oinbiu itmn of the fuel w itli tho 
oxygen of the air, so the work of the innsehfi is clciived fiom tlie oxidition of the food, which 
IS indeed tbc fuel of tho unmal body fiom which both its woik ami licit aie obtained (See 
f'ciod, FiuilIwiis of) The phy siologicil processes of digestion, absmption, i^i , eoiiioit Iho 
whole of the food, except tho jiortion cxeieted jici aiium, into blood Eiom tin blood tho 
muscles, as well as the othc r organs of the bcMly, are nourished Ijike the* lest of the* body, tho 
muscles undergo constant disintegration and rcipiiie const iiit ri uewal 'I'lie iiiiisi iil ii ti'-siic la 
subst iiitially iilentical with albumin m composition, and the final result of its disiiitc _iati(iri 
IS, that it IS oxidised, and a number of more or less smijile eompoimds fonne il fnun it Of these 
euboiiie leid, ancl, to sonic extent, w<ater, are excreted through the lungs mil skin, w-hilu tho 
rein under, of which tho most important aic mea, uric ind hippnne unis, iml iieitmiu, pass 
away m the urine Otlier pioclucts of the metamoiphosis, notably laetio uni and eie.itin, 
undergo fuither change within the body 

The immediate origin of muscular jiower has been the subject of much study w ithiri the last 
ten years It was long believed, chiefly on the .lutheirity of Jni-big, th it this jhiwh was cleiiml 
exclusively from the oxidation of the muscular tiasuc itself But it has been coucliisivt ly j proved 
that this IS not the ca&e About l S per cent of the weight of diy musck consists epf mtiogen, 
and as the whole of tho nitrogen of the dismtegrated muscle ib known to be e xe i etp <1 m the 
nnne, it is obvious that, by ascertaining the quantity of nitrogen in the uime* cxeuti d during a 
certain period, we can calculate the 7naxtinum quantity that can have bee n ilisinti gi iti d duijng 
that time Now, in a celebrated experiment (PJnl Mar/ , June iSGb), 1 le 1, and \\ islicenns did 
a definite amount of work (ascended tho Faulhom) on a nou-nitrogeuous diet, and, ascertaining 
from the ratrogen excreted the utmost quantity of muscle tiat couM ha\e Tjeen oxnlised, they 
found thaiiit was not sufficient to account for more than one third cpf the work donp fjubsn 



quent expenments by FranklaiMl (see Food) have shown that the proportion of the work which 
could have been derived from muscular oxidation was even less than this 

It IS now beheved that all oxidation, whether of tissue or non-organised liquid, which takes 
place within the muscle, may give rise to muscular contraction, and so to work The precise 
seat of the oxidation is still doubtful, though there are strong grounds for thinkmg that it takes 
place within the walls of the capillary vessels The force is probably set free as heat (Haiden- 
ham), and is transformed, perhaps by the agency of the nervous system, into work m the sub- 
stance of the tissue 

The amount of force generated in the human body m twenty four hours varies, of course, e\ 
tremcly If the body remain unchanged in weight, the force generated may readily be cal- 
culated from the calorific value of the day's food (See Food ) The force-value of a bare subsist 
ence diet for one day is about 700,000 metre kilogrammes, but with the higher diet required for 
liard work, it is twice or even three times as much as this The average daily work of a hard- 
working labourer is about ioS,ooo metre kilogrammes (3Sofoot tons ) The tnternal work of the 
heart, lungs, &c , is probably about the same The remainder of the force is directly evolved 
as heat (See Animal Heat ) 

MUSIC {novaiKT^, from Movaai and awy art over which the muses presided ) In the 

modem sense of the term, music treats of the combination of sounds in a mannei agieeahle to 
the car For that part of the theory of music which ticats of sounds produced in succession 
with musical notation, pitch, duration, and rhythm, see Melody For the relation of sounds pro- 
duced simultaneously with the notation of musical chords, sec IIu} many, and for the names of 
music il intervals, and the relation between the theories of music and sound, see Mmtcal Interial 
MUSICAl, INTERVAL 

Definition Interval is a term in music used to designate the mutual relationship of sounds 
which differ m pitch, or arc differently represented on the staff Thus since the tuo sounds 
c-d differ m pitch, the relation between them is an interval , and the sounds also form an 
interval, because, although they are practicallyof the same pitch, they occupy different positions 
OQ the staff Relationship of the latter kind, as they only exhibit a difference on paper, ore 
eometimca called * 

Naming of Intcnals The language of music supplies a name for every possible interval 
These names arc always twofold, one being primary and the other secondary The primary 
name is a numerical one, dcternniied by the number of places or degrees (hncs 01* spaces) of the 
staff embraced by the two sounds forming the interval Two sounds standing upon the same 
degree of the staff form the interval of a pnmc, eg , or * I? — ■ — If the two 

sounds occupy the same degree, and arc also of the same pitch, they are said to be in unijoii, or 
to form an unison or puce prime , c g , — 0 — • — That the unison does not therefore con- 
stitute an interval, mil be gathered from the above definition 

Two sounds embracing two pi ices on the staff, c 7 , — 0 — * — or — • — 0 — form the mtsrval 
of a second, tlace places j • * or — g — • — a third, four places , — or 

A fourth, and so on 

The musical staff, while it admirably adapts itself to the representation of the musical tonal 
system generally, does not coincide quite so closely as some persons wish with the simple dia 
tome senes, its successive degrees being all equidistant, while those of the scale vary, being at 
one time a tone, at another a semitone Moreover, the tonal distance between two sounds 
occupying different positions of the staff may be increased or diminished simply by the use of 
“ accidentals," without changing the positions of the notes Hence it is clear that some more 
specific designation than that given by the numencal name is required in order to determine 
the extent of nn mterval This is supplied by the secondary na»ics, which are four in number, 
VIZ , major, minor, superfluous or aui/maited, and diminished or imperfect 

ffiie first two are used to distinguish the two different sizes of intervals which are found under 
each numencal name (except the prime), in the diatonic senes (major) Thus the second is at 
one time a semitone, at another a tone , the former are called minor seconds, the latter major 
Similarly the thirds are sometimes a tone and a half apart, at others two tones It is the same 
with fourths, fifths, sixths, and seienths There are two sorts of each, difiTering by a semi- 
tone, the smaller bemg called minor, the larger major 

Intervals that are one semitone less th w the minor interval of the same numencal name are 
B^d to bo diminished or imperfect , thus cj — eb isa diminished third, bemg one semitone less than 
the minor third c — Intervals that aie one semitone larger than the major intervals of the 
same numencal name, are called tuperfirww or augmented Thus being a meyor fifth) ^ 
a superfluous fifth, B 
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Superfluous and dimmished intervals may occur under each numerical name cacept tho 
pnmc, of which there is no diminished species, the intervals c — cj and c — c? being both teniied 
superfluous primes 

Intervals that are more than one semitone larger than the major, or smaller than the minor, 
are termed respectively doM&ii/ siipci/uoMS and doub/y diminished, e ij , c — x eb w a donUy dimi- 
nished third, and eb — yn is a doubly superfluous fifth 

The above simple method of distinguishing intervals is not the one usually followed m the 
case of Ihe fourth amd fifth Thus the fourth, /-6, consisting of three tones, which, acci'rdmg to 
the above method, is called major, is by some writers called svpafiuons, and by others jlupeifeU 
or ti done, the smaller tpecies, e fj ,c-f (two-and-a-half tones) being called peifcU by some, and by 
others, oddly enough, the major fourth 

“Similarly with the fifths, the fifth hf — containing two tones and two semitones — and called 
by the abo\e method the minor fifth, is more frequently known as the iiitjici ftet or (Itmiriishcd 
fifth, the other species of diatonic fifth, eg, c-y — oontaiiimg tin ce tones and ono bcinitonc — 
being called tho per feet fifth 

These vanoua designations of the diatonic fourths and fifths have arisen from an endeavour 
to express by its name something more than the* mere sire of these iiiteivals, as, foi iximple, 
their harmonic character The larger species of fifth < 7, and the smaller speiies of fouith rf, 
are known, according to an old and neaily obsolete classihcation of intervals into coneords and 
discords, as two of the perfect concords The term peifeet being given to them, the otlier 
secondary terms were rendered necessary in order to diatmgmsli tbe remaining ‘-jieeies of the 
same intervals in the diatonic scries It will be shov'n, hovvevei, further on, that tliesi so called 
perfect fifths and fourths are not in pr.ictiee maile absolutely peifect, so that the ajipUcition of 
tho term, and conscijuently of tho others which it rcndeis necessary, cannot he niaiiit lined on 
the score of conectness, and as they serve greatly to pciplev tlie learner, by tbiowing 111 vir of 
mjfitcry and profundity about what IS after all only a veiy simple and non-cssenti d tetbmcal 
detail, it would be well if they were abolished All that is really required in a systiin of naines 
IS that it shall enable us to distinguish one mtcrval from another 'J'lie teinis in ijoi and minor, 
as we have used tlfcm, together with the other terms superfluous and diininisheil, enable us to 
do this, and as they apply with equal appropriateness to intervals of every degree, they supply 
a series of secondary names that is at once unifoim and easily understood 

In naming an interval the rule is to name the lowti sound fiist, and to reckon njiwnrds If 
the opposite plan is adopted, it is customary to add the term uupLt 01 duicmutids, r 7 , o is 
said to be the under thud from c, or the tlurd fioin c doimuurds, the tftird fiuin c being oidi' 
nanly understood to signify the note e 

Irnerswn When the lower sound of an interval is raised, or its upper sound is lowctcd to 
the extent of an octave, the interval is said to bo taitt led, and tbe lesulting interval is called the 
inter swn of the onginal one 

By inversion, pnmes become octaves 

,, seconds „ sevenths 

,, thirds „ sixths. 

, fourths „ fifths 

Moreover, by invcision, major intervals become minor. 

,, minor „ major 

,, Biipcidluous „ diminished 

,, diminished „ superfluous 

Equivocal Intervals A comparison of the tonal extent of different intervals shows that ono and 
the same tonal distance may occur under two or moie names All such intervals arc said to be 
equivocal Thus the tonal distance of one semitone at one time appears as a superfluous prime 
c— cjf, at another as a mmerseconef c — db O’his equivocalness of intcivals arises fiom the peculiar 
character of musical notation It is by no means, however, a defee*t of that notation, for by it 
the scale to which an interval belongs is more easily determined, and by the ready means it 
affords in harmony of making transitions from one scale to another it is the source of many veiy 
pleasing harmonic effects, which probably might not have been discovered but for tho exist- 
ence of this equivocalncss 

The particular instance quoted above, viz , c — cjl and c — db, has given rise to the introduction of 
two technical terms into the language of intervam which requite notice The Buperfluons prime 
*— CB, inasmuch as it cannot be represented without the use of a chromatic sign, is called the 
ohnmiatic semitone, whereas the minor second c — db, as it ocrurs in some diatonic Ecncs (e , iu 
Scales of ijp, Eb, Ab, 4 c 1 , is called the diatonic semitone , 

Intervals molhemaiically considered, la tbe foregoing treatment of our subject tbe semitone 
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IS considered the smaUj^t musical interval, the octave being' divided into twelve such intervals 
and the major scale senes consisting of seven sounds succeeding each other by the well known 
order of 

Tone, Tone, Semitone, Tone, Tone, Tone, Semitone, 

■the tones being in each case exactly double the size of the semitones 

This IS in fact a correct description of the system of sounds m uso amongst practical musi< 
Clans, and for piactical purposes simply we might stop here But when the scientific bxsis of 
the scale is cv-iimined, it is found that this rcla.tion of the intervals does not exactly couicuIb 
with the natural relation 

All sounds arc produced by the vibrvtions of bodies, and as by varying the rate of vibration, 
or, which IS the same thing, the length of the vibrating body, sounds are altered in pitch, it wHl 
be seen at a gUnce that the figures cxprchSing the rate of vibration, or the length of the sound 
producing body, afford a convenient mode of expressing the relation of sounds moio exact aiid 
intelligible than the oichiiary and somewhat vague notation employed in music 

It is found from the inonochord (see 3 lomc/wrd), that whatever sound is pioduccd when the 
whole string is made to vibrate, the nclatc of that sound is produced when li/ilf the length of the 
string iiiily is ni.ule to vibrate Jfcncc a note is said to be related to its octave in the i itio i J 
Again, if hto t/unls of the string be made to vibrate the fifth, the major — or so-c^illed perfect 
fifth— IS jnodiiced Ho that a key note is i elated to its fifth by tha ratio I 

111 the s line way the fourth — the minor or so called pcifoct fouitli — is found to be proilueed 
by t/iuifouiths of the string A kcy-iiotc is to its fourtli sound thercfoio as I f 

Still fmthcr, the ■dmtjoj t/urd is fomid to be produced by fourhflbs of the string, hence its 
relationshi]! to the key note is iciircsentcil by the ratio J i 

By coiiibimng the above ratios, the lengths of string rcijuired to produce the remaining sniimls 
of the scale may be obtained Thus the sixth lieing a major third above the fourth, is fouiiil by 
the piopoition aai ^ sixth m’jor 

The seventh being a majoi thud above tlio fifth, is found by similarly combining the ratios 
.3 and t 

The aciomnieing a minor (pcifect) fourth below the fifth, may be found by combining the 
ratios 3 I i = I 

In tlub way a fi actional cxjiressioii is obtained for all the sounds of the scale, viz — 

, 1)0 Bo Ml Fa Sol La Si Do 

* IT r sr j Tir-a 

The fi actions roprosent not only the jjroportionate lengths of string rei^uired to produce the 
various boniuls, but also the relative speed of the vibrations Thus for the fifth of the se ile tlie‘ 
three vibr itions should take pi ice 111 the time of two of those of the key-note For the fouilili, 
four villi atums should take place in the time of thiee of the keynote, and so on If v\e ciiU 
the note jnodiueil by 512 vibrations jier second C, the numhers of vibrations of tho notes of the 
scale coiiimeiieiug w ith C, will be as follo'ws — 

C D E F G A*B C' 

512 576 640 680 768 856 960 1024 

These numbers have the latios indicated nliove If it be asked wliat notes of the scale will 
choid most completely when sounded simultaneously, we have but to select tliosc represented 
by the simjdost 1 itio, as, foi example, 1st C and C' or Do and Do, 2nd C and G, or Du .ind 
Sol , 3d U and F 01 Do and Fa, and so on 

Let ns now see how the system of scale used in the musical art adapts itself to the natural 
scale First let us compare with it tho senes of eipial semitones by 1 educing the above fr.ie 
turns to whole numbers having tho same ratios, and placing them side by side with simiUr 
numbets coiTespondiiig to the senes of mean semitones This may be done by reprobentmg the 
length of strmg which will produce tho first by 360, then the other lengths will be — 

Bo Bo Ml Fa Sol La Si Do 

360 320 288 270 240 216 192 180 

The interval 360-180 may be divided into 12 equal parts such that the ratio of any two is 
constant thus — Let x be the fraction winch must multiply each number to give that of the semi- 
tone above When the operation is repeated 12 times, the 360 is reduced to 180, therefore 
360 X x*-* = iSo From this we obtain x = 943875, 360 X 9438 = 339 79 Si nuuiljtr 
multiplied by 9438 gives 320 724, and so on. The table of mean eenutones is tfierefore as 
follows — 
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Mean Semitones 

Lcn^'lhs of String for the 

Mean 'scmitoiiea 


X,ciigth<i of stung fur tho 
Natural Notes 

Key-note 

. 360 000 


3(10 = K(.y nulc 

1st Semitone 

339 79 S 


2nd „ 

. 320 724 


320 = Second 

3 ^^ >» • 

. 302 723 



4th ,, • 

. 285 732 


2S8 = Third 

5 ^h ,, • 

. 269 69s 


270 = Fourth 

6th „ , 

254 558 


7th ,, . 

. 240 771 


240 — Fifth 

8th „ . 

. 226 786 


9th „ 

. 214057 


216 = Sixth 

loth „ 

. 202 043 



nth „ 

1 2th or Octave, 

. 190 703 


192 = Seventh 

iSoooo 


iSo = Octave 


r>y this It appears the interme<liate sounds of the natural scale arc produced by stiiiujs a tiiHe 
than the e ■wIiilIi produce the ncaicsta]»pii)\ijnatin!j sounds on the si lies of mean sciui- 
toiics, and that conscipiLiitly the latter aie a tiide more oi le'ss loiici in piUh 

These differences appear still more obvious when the mtciv ils of the natural scale are ev- 
picssed in mean semitones reckoned fiom the key note to each Thus — 






Intervals in Mean 

CGnscCiitivo 






beinitonc 


ala 

Key-note from keynote. 


• 

• 

00000 


= 20391 

Second, 

l> 

• 

• 

• 

20391 

Third, 


• 

« 

• 

3 8631 

} 

= 1 8240 

Foufth, 

» 

• 

• 

• 

4 9804 


= 1 1173 

Fifth, 

91 

• 

• 

• 

7019s 

} 

= 2 0391. 

Sixth, 

99 

• 

• 

• 

SS436 


= 1 8241 

Seventh, 

99 

m 

• 

• 

10SS27 

) 

) 

= '^0391 

Eighth, 

19 



• 

12 0000 

1 

) 

= 1 1173 


This shows that the gradations of the natural scale, measuied m mean semitones, are of 
three different sizes, viz — 

2 0391, I 8340, and I’l 173 

These are called respectively the major tone, tlio nuiioi tone and the hmma Tlie difference 
between the major and minor tone u 2151 of a mean semitone, and is e died a conu/iA The 
order of the intuvals of the natuial scale is, thorefore, as follows when t = major tone, t, the 
minor tone, and 0 the Itmma — 

C D EF G A BC 
t t, 0 t t, to 

Suppose an instrument like the pianoforte, harp, or organ wore provided with stiings tuned 
for one such scale, say the scale of C Then let it be required to play ovei the sc ile upon any 
one of its bounds, say ujion its dominant Gr We should find that the hrst interval yn is a t, 
whereas it should he a t, For the A of the key of G, therefore, a string would be required one 
comma higher than the A of the key of C By pursuing tins experiment it -would be found that 
in order to supply the musician with a bimilaily perfect scale upon every sound ho tniploys, an. 
almost infinite number of strings would be required This would render tho mechanism of 
keyed instruments so complex, that if it were possible to anivc at ahsohite perfection in their 
construction and tuning, it would be next to impossible to jilay upon them Again the human 
car IS not capable of dustinguishing such infinitesimal differeiiecs m the pitch of sounds as those 
existing between tho sounds of the natural scale and those of the more artihei d one obtained 
from the veries of mean semitoucs Hence it is that practical musicians content themselves 
With the latter simple division of the octave on each sound of which an equal ac^e may be 
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based For though uone of these scales are absolutely perfect, mathematically considered, the 
imperfections are too shght either to affect the melody of their intervals or the agreeablenesa of 
their harmonic combinations 

MUSICAL SCALE See Garmit 
MUSTARD, OIL OF See Allyl AlcoM. 


N 

NADIR. (Arabic ) The point of the celestial sphere vertically beneath the observer 

NAl’HTIIA (Persian , Ar ibic, Nafth, Nafatha, to boil ) This word is .applied to miny 
liquids somewhat similar in physic.il properties, but diffenng chemically It was oritpnahy 
used to designate inflammable liquids issuing from the eaith in cert.ain countries, but it hi.f 
since been allowed to iiitludc most of the lighter and more volatile inflammable licjuids obtaiiiid 
by destructive distillation or from mineral oils. Coal naphtha consists in a great measure of 
commercial benzol and its homologucs Mineral naphtha or petroleum oil is a compile ated mix- 
ture of hydrociarbons, consisting almost entirely of the senes of alcoholic hydndes Wood naph- 
tha IS a name sometimes given to impure mcthylic alcohol 

NAPH'J’HATiTNK An orgaiiu snbstaiue obtained as a by-product in the manufacture of 
coal g IS and the distillation of naphtha It is m the foim of bnlliant white crystalline scales, 
having a strong odour, resembling that of cail-g-as , it is insoluble m water, but reaibly so iii 
alcohol, ether, and most oils ( Vniqxisition C'juHg Specific gravity i 153 when solid , 0977S 
when melted It readily sublimes and contlenscs in rhombic jilates , it melts at I 7 S^ I'' > 
and boils at 424° 1 ’, although it volitihscs slowly at the ordinary temperature Naplithi- 
hiie 18 a substance which has attracted the attention of chemists for many years, as it is obtained 
in enormous quantities, an<l is for the most part thrown away Recently, attempts have been 
made to utilise it in the manufacture of colouring matters, and some of its compounds anil 
denvatives appear lilctly to be of e01n1nere1.1l impoitance m this respect Its deriv.atives irul 
products of decomposition an o\co< dingly niimenms and complicated, and they have been the 
subject of cvaininatiou by many einineut chenusts A mere list of the names of these sub 
Btauces would till sovei <d pages 

NAPHITIYLAMINE An organic hose prepared from naphthaline It consists of fine 
yellowish white crystalline needles, .ind has a most disgusting odour Composition CjkHoN 
It forms w'cll defined crystalline salts, with acids, and some of its compounds and procliiets 
of dccomiiosition are nkcly to bo of great commercivl value as colourmg matter By acting on 
its hydioclilor.ate with nitrite and b^diate of iMitassnim, a compound is produced which li.is been 
called azodinaphthyldiamme, which cryst.illises in splendid needles, having a bright giceii nii,t- 
iillic reflection It melts to i blond-rod liquid, and colours boiling water yellow Acids colour 
the solutions deep violet, forming salts which crystallise with very bnlliant colours This b.isu 
and its compounds, or derivatives, are met with in commerce under vanous names a.s colouring 
matters 

NAllCOTTNE An alkaloid contained m opium to the extei^ of 6 or 8 per cent , it crys- 
tallises in colourless transparent pi isms, insoluble in cold vvater, and only slightly so in hot , it 
IS dissolvetl by alcohol and ether, although not freely Formula CjjHj^NOy It is a strong 
narcotic, .although not so powerful as moiTihia Narcotine was the subject of some elaborate 
investigations by Dr Matthiessen, who made some important discoveries respecting its con- 
stitution 

NATH (Arabic ) The star 0 of the constellation Taurus 

NAUTICAL ALMANAC See Ephemem 

NAUTICAL ASTRONOMY Tins term has been used to describe thoic parts of astronomv 
which hear in an especial manner on navigation, as the rules for determining longitude and 
latitude, and the like 

NEBULAE (Cloudlets ) The name given by astronomers to those celestial objects which 
present a cloudy appearance There is some difference of opinion as to the exact uso of the 
term, some astronomers limiting the name nebula to those celestial objects which cannot be or 
have not been resolved into discrete stars, while others include under the name all objects 
which, under any telescopic power, whether great or small, present a nebulous aspect Accortl 
ing to this latter usage, all star clusters not resolvable (even in part) by the naked eye, would 
be classed as nebulae As the question of the real resolvability of a group is not easily detei^ 
mmable, it is perhaps better that the word nebula should bo kept as a convement general term, 
applicable,according to the latter of the above usages 

The anaents recognised only five nebulous patches on the heavens. It was not until after 
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the invention of tfie 'telescope that astronomers beijan to notice the e\wtenec of many objects 
of this class in the sidereal depths , and, indeed, even then, many years eKpsid licforc the real 
importance of tJje search for nebulje was recogmsed When Messier began to form the list of 
103 nebulas with which his name is associated, more southern than northern nchuhe were kiioMn 
the labours of Lacaille having resulted in the discovery of several of these objects 111 the 
Bouthein heavens But even Messier’s list must be regarded as utterly meagre wlicn brought 
into companson vnth the senes of discovenes effected by Sir William Herschol lie sent m 
list alter list of nebiil<E to the Royal Society, the objects in each list being counted by hundreds 
So that at the close of his labours in this department «f astronomy about 2500 nebul.e h.id been 
added to the catalogue of known objects His son, Sir John Hcrschcl, pioied a uorthy suc- 
cessui m these arduous labours After undcrtalang a comjilctc icvision of Ins fathei’s obser- 
vations, dunng the course of which be discovered 500 new nelmlre, he proceeded to the South 
Cape and commenced the survey of tlie southern heavens During tins survey he discovcied 
about 1700 southern nebulcC, and rtolwoivcd many olheia Besides the ncbida; discoicied by 
tluse two eminent astronomers, a few hundreds hive been (L'tectcd by other obscivcrs The 
noble catalogue formed by Sir John lleischel includes nearly all that liave been deticterl, the 
few ivhich remain uncatalogued bunging up the total jiciliaps to 5600 01 5700 objccta of this 
f lass So that if all the discovered in liul.e could be seen at once, they would bo spread over the 
heavens abowt « richly as the stars visible to thi n viced eye 

Clusaificatton of the Nebulae — Sir Jonn llorschel thus presents his lather’s classification of the 
nebiihe — 

lit (.flusters of stars in winch the stars are clearly distmguishable, these clusters being again 
divided into globular and irregular clutters 

zd Resolvable nebulaa, or such as excite a suspicion that they consist of stars, and which any 
increase of the optical power of the tolcscopocmidoyodmaybeexpcctocl to resolve intodistinctstar- 
3d Nebulae, properly so called, in which there w no appcaiancu whatever of stais , whuh 
again have been subdivided into aubordiuate classes, according to their brightness and Biio 
4th riinetaiy nebulas 
5th Stellar nebul^ , and 
6th Nebulous stars 

Diet) ibufion of the Nehidce — Sir William Herschel noticed, during the progress of his siirvi'y, 
that the ncbultn arc not distributed at random over the heavens, but exhibit a “ maikcd piefcr- 
eiice for a certain district, extending over the northern pole of the (lalactic circle, and occupy- 
ing the constellations Leo, Leo Miiioi, the body, tail, ami hind legs of JJisa Majoi, (’aiica 
Veil vtici, (foma Berenices, the preceding leg of Bootes, and the heail, wings, niid shoulder of 
Virgo ” “ In this region,” adds Sir John Herschel, “ occupying but about one-eiglith of tho 

whole surface of the sphere, one third of the entile nebulous V ontents of the hcavi ns are eon- 
pregated On the othei Jnnd, they are very sparingly scattered over the constellations Aries, 
Taurus , the liead and shoulders of Onon, i’erscus, (Jamelnpardalis, Draco, Hercules, the nor- 
thern part of SerpentamiB, the tad of Herpens, that of Aquila, and the whole of Lyra " In the 
Southern heavens a somewhat more uniform arrangetiient exists, except where the ncbuloi con- 
gregate within the lunits of the Magellanic Clouds, where an even greater nchness of distribu- 
tion prevails than in Virgo on tfie northern heavens 
Sir John Herschel was the first to suggest the exhibition of the mmutim of nebular distribu- 
tion by means of a process of isographic chartmg, and he invented a plan of charting for tho 
purpose The present writer distributing the nebulae over such a chart, in accordance with theip 
actual distribution over the heavens, has been led to recognise the existence of sticains of nebulm 
over parts of the southern heavens corresponding to the two remarkable star slreauis compared 
by the ancients to the river Endanus, and to a stream of water from the tan of Acpiaruis In 
the charts exhibiting tins feature, only the nebuloc included m Sir John Hcrsthtl’s earlier 
lists were introduced But Mr Cleveland Abbe having arranged, in a suitable inannei, the 
nebulae belonging to Sir John HerBchel’s more complete hat, separating the objects classed by 
Sir W illiam Herschel as nebulae, properly so called, from clusters, &c , the present writer 
availed himself of the opportunity to foim new charts, not only on the polar isographic projec- 
tion of Sit John Herschel’s, but on two equatorial isographic projections Tt was interesting to 
notice how completely tho evidence given by the chart formed from this full list corresponded 
With the evidence given by the former chart . — Monthly Noitcet of the Aitronomwal SoCKty, 
Tol XXIX. 

The general conclusions resulting from these charts are that — 
t The nebulas show a marked avoidance of the galactic zoi.e 

2 The nArthem nebulae form a somewhat irregular group, with but ^amt indications stream 
fonnation. 
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3 The nebulsB in the southern heavens show a tendency to gather into streams with rich ev. 
tremitics — the very converse of the northern arrangement, the borders of the gitat noiihtni 
cluster being sparsely strewn with nebulin 

4 The southern streams of nebulde converge upon the Magellanic clouds 

These laws apply to the “ nebulae properly so-called” of Sir William Uerschel Clusters on 
the other hand, as also planetary nebulae, and irregular nebuliG (presently to be furthci con- 
sidered) show a mcc for the Milky Way as maiked almost as the aioidancc of this /one m 
the case of irresolvable nebul,ie And, further, it is noteworthy that taking the nebuke in 
classes according to their resolvahility, we find, with gradually diminishing resol^abIllt^ a 
gradually diminishing preference for the Milky Way, then neutral dispersion, and Imilly a 
gradually increasing avoidance of that zone 

It IS difhcult to cvplniii those relations on any theory which docs not include the ncbul 8 of 
all orders as part and parcel of the sidereal system Sir William Uerschel, indeed, u as loin' 
since led to speak indirectly in favour of such an association, when he lemarked that aii^ thuiny 
of the universe to be complete must take into account the withdrawal of the nebula* fiuiii the 
galactic /one In thus unplying his belief that that withdrawal is not accidental, he was iii 
effect im|dying a real association between the sidereal and nebular systems 

It lefjulat and Globular Cliisia 'I of &Uns These objects differ much m character Ainon^-t 
the nicgular clusters we find iiniiy degiees of iichness ]iut they are for the most jnil It -a 
condensed than globular cbistcis , and they fail csjiccially to show marked signs of ccntial cori 
densation ‘‘ Sir William Herschcl," says his son, “regards them as globular clnattis in a less 
advanced stage of condensation, cnnceivnig all such gioi j^>s as appioaching by then mutii il at 
tiactiou to a globular figure, and assembling themsalvcs togctboi from all the surrouiidiii^' 
region, under laws of which we have, it is tiuc, no other pioof than the observanee of a grul.v 
tion. by which then- characters shade into one another, so that it is luipossible to say whtie oiiu 
species ends or the other begins ” 

Itisolxahle NcbuUe These objects differ from clusters in having generally no visible outljiug 
branches These appendages we are not to consider as necessarily non existent, even w here the 
most powerful telescope fails to reveal them As Sii Jolin Uerschel justly reinaiks, ‘ It is 
under the appearance of objects of this character that all the greater globular clustcis e\liibit 
themsehes in telescopes of iiisulhcicnt ojitiual power to show them well , and the coikIu'idu h 
obvious, that those which tho most xiuwcifol can barely render resolvable, and citti thusu 
which, with such powers as are usually applied show no sign of bemg composed of stais, wmiM 
be completely resolvpd by a further increase of optical power In fact this probalulity L is 
almost been converted into a coi tamty by the magnificent reflecting telescope coiisti lu ted by 
liord Bosse, which has resolved oi rendered resolvable multitudes of iiebuLe wJiicb hail 
resisted all infeiior powers ” Alost of tho rcsuhable ncbuloi aie circular in foim, and it is a 
most striking circumstance that iieaily all oval nebul'e are much more difficult to resolve tlnii 
circular ones, so that most of the iDcsohabltuebidce next to be considered exhibit this pcculi iiity 
of fagore 

IrmsoliaUe NcbuUe Tlicso objects form the most remarkable of all the orders of ncbnli 
They include throe principal varieties of form, elltphc, spiial, and xneyulai But the nicgular 
nebula:, though forming a sub division of the inesoUable nebula:, require to be classed sep ir itcly 
on account of the striking peculiarities which distuigiiish them from other irresolvable object' 
Tho oval nebiike are of all ordoia of ellipticity, clown to a spindle shaped or even lincir ligiiie 
They all exhibit a greater or loss degree of condensation towaicls the centre , and it is fuitlicr 
noteworthy that “tho internal stiata approach moie neaily than the external to the splicucil 
form” Annular nebukc are “among the rarest ulTjects m the heav ens ” They consist of a 
ring of light, having a dark centre A remarkable object of this class lies about mulw ay be 
tween the stars p and y Lyne The ring is slightly elliptical , and in telescopes of gicat jxiv'cr 
the dark space withm the ring is seen to be in reality filled with a very faint light Utlicr 
nng nebulae have a very elongated figure, the vacuity appearing so narrow os to resemble a daik 
Lne 

Planetary Nebidce Those are among the most remarkable objects in the heavens They 
present a ihsc of faint light, the outhiie of the disc being sometimes defined with singular clear- 
ness, at others slightly softened off The light of the disc is sometimes uniform, while in other 
cases a pecuhar uniform motthng or curdliny can be recognised There are but few of tlie=e 
objects in the hpavens, only about 25 having been yet discovered , and of those three foiirtlis 
are in the southern heavens Sii John Herachel remarks on the blue colour of some of these 
objects, a peculiarity accounted for by the appearance of tho spectra of those planetary nebul*B 
which hg.ve hitherto been submitted to spectroscopic analysis Sir John Herschel remarks re- 
specting one of the hugest of the planetary nebulae (situated not far from the star ^ 


Majoris) tbat “its apparent diameter la 2' 40", which, Bupposing it placed at a dwtinco from 11s 
not more than that of the star 61 Cjgni, would imply a linear diameter seven tunes gieatcr 
than that of the orbit of Nejitune The light of this stupendous globe," he odds, “ is peifectly 
equable (except just at the edge, where it is ehghtly softened) and of considerable brightness 
Such an appearance would not be presented by a globular space uniformly filled ivilh st.irs or 
lummous matter, wLicb structure would necessarily give nse to an apparent increase of Inight- 
ness towards the centre in proportion to the thickness traversed by the visual ray Wc might, 
therefore, be inclined to conclude its real constitution to be either that of a hollow sjihuical 
shell or of a flat disc, presented to us (by a highly improbable coincidence) in a jdaiie jmiisely 
perpendicular to the visual ray " The researches made with the gicat liosso telescope gi\cs to 
the planetary nehulaj an aspect altogether diiferent fiom the mottled or uniform discs seen by 
tlieJicrschels The whole surface of tlie disc is tr,i versed by strange branches and spiajs of 
faint light, giving to the disc in one instance an ajipearance somewhat resembling the face e£ 
some uncouth monster 

DoiiUc Rebuke Such objects are occasionally to bo met with In fact Sir John ITorschcl 
remaiks that “ all the varieties of double shirs, as to cbsLance, position, aiul illative biight- 
iies--, have their counterparts in double nebuhu , besides which, the vaiictiis of fonii, and 
grailation of light in the latter afford loom fur combmitions peculi ir to this class of objects” 
Jli expresses his opinion that the coinjioncnts of these double systems aic In joiid all qiubtion 
jihj'sically associated, and he adds (what will he admitted at once as tiuc, if only tin. iicbiilai 
are indeed to be legarded as external galaxicn), that “notliiiig more magmliccut c.iu be jiie- 
seiiteil to our consideration than such combinations Then Ktui>emlous scale, the multitude of 
jiuhviiluals they involve, tlie perfect hymmetry and regularity wbicb mmy of them jiiesi ut, tho 
uttii disregard of complication in thus heaping together system upon system, and constiiietion 
upon construction, leave us lust 111 wonder and aduuratton at the evidence they aifoid of luliuitu 
power and unfathomable design ” 

SpiuU Ncbtdm These objects now form a class by themselves Their true natuio was not, 
in the fust instance, recognised Per example thenebuli 51 Mcssici, as bccu by Sii William 
Htrsehel, witli an ifrinch reflector, jircsented the nppearaiicu of a laigr hnght gloliiiLir ncbiili, 
very unequally bright in diifeicut paits, and ihvidcd along about two fifths of its ciicumriicnee 
into two lanume, “ one of which appeared as if turned up tow nils the eye out of tlii' jd me of 
tlie rest ” It was this peculiar apjicarancc which ltd Sir William Ilcrsehel to regaul tins jur- 
ticular nebula as a galaxy rcsembhiig the sideieal system, to which system, as we know, Ins re- 
searches had led him to assign the figure of a cloven disc J 5 ut 111 the greaj tekscojiu of Loid 
Kosso the aspect of the object 13 wholly altered What had ajipeaied as an iijiiaisid lamina, 
was now found to be the coil of an enormous sjnral I^ord llossc detected scvci.il other spiials, 
and Mr Jiasscll with Ins fine four feet mirror at Malta has added uiipoitautly to the list of 
these interesting objects ' 

NibiUous Stuis Wcbulai arc often found in close association with stars We may find, for 
example, a bright star centrally situated within a circular nebula, or twobiigbt stars ajiparently 
associate in as close a manner with a doublo nebula, or again, a pair of double stais severally 
associated with two well defined nebuItG close enough together to seem to fonn a jiair 1 1 is 
not easy to regard such associations as accidental, and accordingly wc hnd that Sir William 
Ilcrsehel was led to adopt with respect to nebulm of this order, a theoiy wholly distinct flora 
that by means of which he explained the clustering resolvable and iiresolvalilo niliula He 
regarded these objects as in reality stars in process of formation, the nebulous matter g ithciing 
towards a centre, and the whole object thus presentmg the ajjpearaneo of an unformed sun with 
nebulous surroundings It seems diflicult, however, m the present state of our kiiowleilge to 
accept this view without extending the law of association to other objects, m fact to iieai ly all 
tho known orders of nebulm, stellar or gaseous 

/rrerfitlai Nebulce These ore perhaps the most remarkable objects in the heavens They are 
altogether unlike all the forms of nebula yet considered, consisting apjiareiitly of fantastic con- 
volutions and folds of nebulous matter, extending without any visible law of ariangement 
throughout enormous regions of space “ No two of them can be said to present any similarity 
of figure or aspect,” says Sir John Herschel, though one may perhaps make an exception in 
favour of the great nebula round Eta ArgOs and the nebula in Dorado, which certainly seem 
to have some features in common With the exception of the last-named nebula, all tho 
irregular nebulce he m or near the Milky Way, that which lies farthest from the galaxy being 
great nebula surrounding the sword handle of Onon “ But this very sitnation," says Sip 
John Heiseiel, “ may be adduced as a corroboration of the gdheral view which this principle o£ 
iMalisation sug.^ests For the place m question is situated in the prolongation of t]^at faint 
oSset of the Milky Way which baj been traced from a and s Fersei towards Aldebaran and the 
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Hyade?, and also in the zone of great stars which seems to form an appendage of that 
stratum ” He adds that it would seem to follow from this, almost as a matter of course that 
they must be regarded as outlying, very distant, and as it were detached fragments of the great 
stratum of the galaxy Now it is of extreme importance to notice that while, on the one hand 
this view, that the irregular nebul® are associated with the galaxy, presented itself to so skilful 
an astronomer as "almost a matter of course,” the results of spectroscopic analysis show that 
the idea of great distance associated by Sir John Herschel with these nebulous masses is not 
consistent with what we know of the nature of their structure We are certain that whether 
these masses are more distant or not than the stellar parts of the galaxy, this zone would not as 
Sir John goes on to suggest, by mere incrtase of distance, come to exhibit the same charac 
tenstics as tho irregular iiebulte For the galactic masses would never appear as gaseous masse' 
under spectroscopic research, let their distance be increased ever so much, and it is as ''ascou 
masses that the irregular nebula; have come to be regarded It seems, indeed, far more reason 
able to sujjpose with Sir William Herschel that tho great nebula m Orion is ncart'r than thi 
stars seen in the same field of view with it, than to imagine that its nebulous aspect is duo tf 
vastness of distance It is, indeed, well worthy of careful notice that the irregular ndmlie an 
found always in association writh parts of the heavens where lucid stars are iichly di'-tnlmted 
So that it seems conceivable that we recognise m these regions, owing to their relative proximity 
the existence of matter which in reality surrounds also many of the more distant groups o 
stars There are four great regions of irregular nebulous matter, that of Onon, thst of Argo 
that of Cygnus, and that of Sagittarius, the nebula; belonging to the two former regions bein' 
the more remarkable, though all four groups present features of special interest, and piomise h 
afford the thoughtful astronomer information of great value respecting the structure of thi 
universe 

The great nebula which surrounds the star ij Argfts, merits a separate account, as it exhibit 
ceidiam characteristics wholly distinct from those which, so far as has yet been seen, beliiu' 
to other obji cts of the same class The star with which this nebula is associated is one o 
a very remaikable character (see Slavs, Temporary), and the nebula itself seems no less lanabl 
than the star It may seem unduly speculative to assert that this pecuhanty, that tlie mos 
remarkable variable star in the heavens thus seems to be associated with the most rcimai kabl 
vanablo nebula, is of itself a proof of real association There are, however, other signs o 
association which seem to confirm this view We follow Sir John Hcrschel’s account of th 
position and character of tho nebula “ The whole is situated,” ho tells us, “m a very iich am 
brilliant part of thg Milky Way, so thickly strewn with stars that in the area occupied by tli 
nebula not less than 1200 have been actually counted ’’ Ilcspectmg these he asserts that the 
have obviously no connection with the ucbula, a view which may be regarded as fairly open t 
question where no pi oof in its favour can (from tho nature of the case) be offered I’lien h 
proceeds, “ It is not easy for language to convey a full impression of the beauty and sublimity t 
tlie spectacle which this nebula offers, as it enters the field of view of a telescope fixed lu ngb 
ascension, ushered in as it is by so glorious and innumerable a procession of stars, to which . 
forms a sort of climax " The discovery that the nebula is variable, and that the variation is r 
a very marked character, opposes itself strikingly to Sir John Hcrschel’s conclu'*ioii that 1 
“looking at the Argo nebula we see thiongh and beyond tho Milky Way, far out into spac 
through a starless region, disconnecting it altogether with our system ” The scale on wliic 
the nebula is constructed is increased enormously on this view, and the variability of tli 
nebulous masses becomes a proportionately more amazing problem Thus M Lc Huciir, of tli 
Melbourne Observatory, in announcing his discovery that the nebula is really variable, expresse 
his belief that it lies nearer to us than the stars seen m the same held of view More recentb 
however, finding that the spectrum of the star Eta Argfis exhibits the same bnght lines as tl 
nebula, he has expressed the opinion that the star is probably in some way associated with tL 
nebula, a view which the present writer had put forward two years before for other reasons 

YanahU and Temporary Nchvlae Other nebulse besides that around the star Eta Argfts hai 
been found to be vonable Some nebulae have, indeed, vanished altogether from 1 lew 0 
October ii, 1852, Mr Hind discovered a nebula in Taurus, which had not before been seen 
and d’ Arrest re-observed this nebula in 1855 and 1856 But m October 3d, 1861, d’Arrt 
could not find it “ I cannot find a trace of it," he says, “though it was observed once an 
again by me in the years 1855 and 1856, and its place four times determined " At the close < 
1861 the nebula could just be seen by M Otto Struve, with the great refractor of the Pulkow 
Observatory, and in March 1862 it was comparatively a bnght object Another nebula wa 
discovered by Mr Tuttle, on September 1, 1859, which was so bnlliant and rcDyirkable thi 
d’Arresi} thinks it could not possibly have been overlooked by the Herachels had it been t 
conspicuouB when they sw^t the heavens with their great reflectors, lu the Pleiades, ' ce 
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lainly the last place in the heavens," says Sir John Hcischel, “ in which the discovery of a new 
nebula would have been expected," a large bright nebula was detected by Tempel, on October 
I 9 > 1859. Mr Hind has also often suspected nebulosity about some of the outlying stars of the 
Pleiades Mr Pogson observed, on May 28, i860, that in the place occupied prcuuus/;/ by the 
bright and very conspicuous nebula So Messier, a star of the seven eighth inaguitudc lud made 
its appearance On the 9th of May this nebula had presented its usual aspect On June loth 
the stellar appearance had passed away, but the nebula was still unusually bright and con- 
densed Professor Luther and M Auwers had also noticed the change as early as May aist, 
rating the star then as of the six-seventh magnitude On June loth the nebula bad nearly 

vanished 

Certainly snch observations as these lend httle encouragement to the theory tliat the nehuls 
are external star-systems resembhng our own sideieal system m character. 

SilBULAR HYPOTHESIS A theory by which Laplace endeavoured to account for the 
principal features of the solar system, as due to a regular process of development by which that 
system has reached its present condition Tlie Newtonian theory accounts for certain ilistmc- 
tive features of the solar system, hut leaves others unexplained Wo can by means of the law 
of gravitation interpret the fact that the planets revolve m elliptic oibits, that a line drawn 
from any planet to the sun traces out equal areas m equal tunes, and that the cubes of the 
mean distances of the planets are severally proportional to the squares of the jicnodic times 
But we hare no explanation, under the Newtonian hypothesis, of other chaioctcnstic peciiluir- 
ities of these orbital motions Gravity tells us that the planetary orbits, if ueaily cucular at 
one time, would continue so for an indefinite yienod, hut not how it has come to pass that they 
an nearly circular Gravity tells us, igain, that the planetary orbits, if at any oiic time nearly 
approximating to a single plane, would continue to exhibit that peculiarity fur an uulcliaitcly long 
period, but not why those orbits came to have that siiecial attnbuto Again, gravity does nut 
explam why all the planets should travel in one direction mound the sun , nor why it should ho 
a general cWaotcnstic of the satellites’ motions that they should talcc place in one ducction, 
anil that direction the same as that in which the planets revolve around the sun , nor, 
lastly, docs gravity explain why the planets should rotate on then axis m the same direction, 
and that direction still identical with the direction of the planetary revolutions Now, unless 
we are to assume the direct action of aEirst Cause as operative in the matter, we are compelled 
by the laws of probability to recognise the fact that these relations uidicatu the opci atioii of 
law Whether we are justified in regarding any plmso of the processes of nature as rcpicsciitmg 
the direct action of the Creator, whether, in fact, the range of our researches can he expected 
to indicate to us the time when (in our own system or any otbei) such a c%ubc was in ojiera- 
tion, 18 a question to which different minds will give different answers But even those most 
jealously anxious lest anything men may conclude should seem to detract from a just estimate 
of the Almighty’s attributes, will admit the possibility that the action of a First t^ause is not 
necmarily to be associatd’d with the formation of the solar system, but may, for anything we 
Can tell to the contrary, belong to an antecedent epoch mhiutcly lemote. Thus free to consider 
at least the possibility that the observed xiecultaaities of the solar system may he due to the 
nalure of the procoases by which it was developed from some fonner condition, let us consider 
how far Laplace's hypothesis on the subject serves to account for the observed relations. 

According to the nebular hypothesis the solar system oiiginally consistod of avast rotating 
nebulous globe extending far out in space beyond the orbit even of distant Neptune This 
rotating globe, parting with its heat, contracted gradually from its original dimensions As 
this process of contraction proceeded the rotatory motion increased, and at length became so 
peat that the outermost parts were no longer retamed by tbeir gravitation towaids the centre 
ITius a zone or ring of nebulous matter was thiown off , then as the globe contmued to con- 
tract another zone was formed m a similar manner , and so the process ' ontmiied, a succession 
of zones or rmgs being formed in the equatorial plane of the rotating globe “ Thesi zones," 
says M Pontecoulant, in expounding the views of Laplace, " must have begun by cnculatmg 
round the sun in the form of concentric rmgs, the most volatile molecules of which formed the 
outer part and the most condensed the inner If all the nebulous molecules of which these 
nags are composed had contmued to cool without disuniting, they would have ended by forming 
a liquid Or solid nng But the regular constitution which all parts of the nng would require 
for this to happen, and which they must also have retained while cooling, would make this 
^ult extremely rare ’* Generally a nng would break into several pait<>, which would contmue 
to circulate round the sun with almost equal velocity “ At the same tune in consequence of 
theip separation they would acquire a rotatory motion round their respective centres of gravity ; 

as the malecules of the outer part of the nng, that is, those farthest from the sun, would 
have the greatest velocity, the lesultmg rotatory motioa would necessarily be in tlfe same 
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dirpction aa the orbital motion ” The theory then goes on to show how m the majority of 
instancea the frngmenta of a broken iins;' would coalesce into a single planet , how it inutiir 
happen that the several fragments would contmue to tiavel independently round the sun 
the zone of asteroids , while the rings of Saturn are regarded, according to this theory, as the 
sobtaiy instance m which a nng (in this case belonging to a subordinate contracting nclmlims 
mass) has not broken at all into fragments, but owing to the nice adjustment of all its p irts has 
remained to attest the nature of the processes by which m long past ages the solar ayi-tem 
wrought its way to its present condition It will easily be seen how the contraction uf the 
several nebulous masses which iveie the embryoa of the jiUnets might result in the formatinn of 
systems resembling the parent system, as in the case of the extenor planets, or in the formation 
of such oihs as circle within the zone of asteioids, amongst winch the earth alone Lu a 
dependent s.itelhto 

Ingenious as this hypothesis is, it yet presents several difficulties which cannot be overlookpil 
It nccuiints ivcll for the fcatiiies of icgularity presented by the solar system — too wfll iinki tl 
since it would lead us to expect a gieater degree of regiilanty than we actually find It is 
difheult to see how, under such a jiiocess, there should result those dcjiarturcs ficmi e\ai t 
circularity, oi from exact comeidoiico of oihital motion with the plane of the ecliptic, wlmh ml 
actually recognise within the solar system And if there is one region where, aceiuhng to 
Lajil ace's tlieoiy, wo ought to find more pel feet symmetry than elsewhere, it is piecisidv in tli it 
Zone of asteroids, amongst the ineiiibevs of which we find the greatest departures both fiom tlie 
ecliptic pl.ine aiiil from cireulaiity of oibitil motion 

Yet, fuither, the theory of Laplace avould lead us to expect a difference of elementary eonsti 
tutiuii between the planets tiavclliiig at gioat distances fioin the sun and those nearest to him 
It ivas indeed iirgctl by him that the actual diffeienee as respects speeifac gravity betivseu tlie 
planets exterior to the zone of asteroKls, and those travelling within that zone, was in acconl 
anee with, and might be regarded as tending to estabhsh, his hypothesis But there i no 
regular sequeneo in the specific gravities of the planets, whether of the outer or of the inner 
family, and liis theory re(|Tiiies such a sccpicucc We now know also, from what the* sputio . 
scope has t night us about the snii and planets, that the elementary constitution of all the uiein 
beis of the solai system is piobibly identical 

Y( t fuithei, the retrogi ide motions of the satellites of Uranus, and the assumed letrogi nlo 
rotation of th at pi met, sc cm to ojqiosc themselves vciy stiongly to onr belief in an hsiiotlu 'is 
which suggeds no possible oiigm of any motions opposed to the direction of rotation of the ori- 
ginal nebulous globe 

While these confidi'iatious tend to render the hypothesis of Laplace as presented by Inm it 
least doubtful, if not absolutely uuten able, they yet are not of such a nature .is to iireeliiile llie 
be'liif th it the sol u system li.is ie.ii]i( d its jireseiit condition by a process of dea elojniit lit 

A mode of inquiry whic h does not seem to have suggested itself to Laplace, <ind m huh, m 
any ( ise, ho would have had no me uiH of applying feireetnally, seems to promise a iiioie miii 
plote uiteipic t itioii of the charaeteiistics of the solar system, than the ' 

to establish 'Pin le ire processes still at woih witbui the solar systc’ v 
assoei ated M ilh the gem SIS itself of that system The sun, the caith, ami all the planets in- 
undoubtedly r/imtdiy, though their present late of growth may be indehnitely small complied 
With the 1 ite at which (on any reason.ablo hypothesis of dL'ielojiment) they must be sujij'osed to 
have first assumed independent existence We know that raotcorie masses are falling in tnor 
mous minibers upon the earth, and that they must fall m numbers mconceivahly gie iter iipuii 
the sun, wtiile the very nature of the meteone orbits proves, beyond all possibility of questum, 
that other planets, with all their dependent satellites, the zone of asteroicis — nay', eaciitlii niigi 
of Saturn— must receive in gic.iter oi less degree these contributions from inteiqil.inetai y, and .abo 
(remembering the wide range of the sun’s lulluence, and his proper motion within the aiihra d 
system) even from interstellar space. 

New, the mere fact that at jireseiit the sun, and the family circling round him, enormously 
outiveigh the combined mass of all the meteoric systems iv ithin the limits of the sun’s alt rat 
tion, by no means proa es that, in long pai-t ages, the direct reverse may not haa e been the < a-'C 
One in.iy well conceiae that of old the solar system presented, not a central sun, but a tendtuO' 
to central aggregation within a group of widely extended nietcoiic systems — twt suboidiiMti* 
orbs like the planets, but a tendency to subordinate aggregations Looking yet furthei back, 
and conceiving the solai system m its embryoiue condition to have presented myriads of mil 
lions of meteoric systems, travelling in all possible diiections, and in orbits having evi-ry 
degree of eccentricity under the influence of the law's of grav'ity (as they would afiect a sy-taiij 
of that ordei), we can readily see how a geneial preponderance of motions in one *iircction m' 
about one plane, though it might be masked at ^t, would m the long run assert its influents 
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Collisions continually occumng amongst tha members of the meteoric systems, ivonlil tend to 
Bkminate the more eccentric and incluied motaons, while the motions m a direction opposed 
to the general set of the system, would also m the long run disappear, at least in regions of 
aggregation 

Now, in considering the ultimate condition towards which these processes unnld tend, we 
must not lose sight of the circumstance that, so soon as a well marked central acjgrcg ition was 
formed, its neighbourhood would be the scone of all the most rapid motions within thu complc <5 
Bilieme of systems This aggregation was the cmhryoii sun of the scliemc, and in its neigh- 
bourhood were the perihelia of aU the systems, precisely as now the relitivcly puny inetcoiio 
sj steins still remaming have their penheha mostly within the mint of the eirth llciicc near 
the central aggregation subordinate aggregations would fonu with diffieiiltj^ and oven when 
formed they would grow slowly, because of their small power to influence motooric stems tra- 
lelltiig swiftly past them It could only be at a considerable distance fioin the central sggic- 
i-alioii th it the mcteonc motions would be so far reduced as to favour the foimatioii and giow th 
of fciibordin ite aggregations 

Wo see 111 these considerations a general explanation of the orders of magnitude observed 
among the primary members of the -lolir s^'stetu Wo see why the bodies neai the* sun aic rela- 
tively small, while those faither from him are lelatively iinpoitant Talcing the oiliitiif .liipitci 
us the region where the qumtity of mateii.il and the general rate of ivieteoiie luotion wen such 
as to favour to a maximum degree the fomi-ition of i buhordinatc system, we see that hi tween 
this gloat bccond.vry aggregation mil tlii' central one, ill the suhordmatc aggrt gations would he 
iclatiiely minute, .ind would attain then fullest development m the mid iigion , iiid, anoid- 
nigly, we sec Venus and the earth more miixirtant than Me'ciny, on the one hand, or Itl.irs 
ami the zone of asteroids on the other Outside the orbit of .Tiijwter we should ixpii b to finil 
massive oilis, with complex subuidiiiate systems, because the foiination of suhoi dniate i«-giog.i- 
tions would be favoured by mercase of distance fioni the sun But the quantity of niiteiial 
WDuld dimmish continually towards the outshiita of the system, so that the inferioiity of S vlurn, 
nnd still UKiie that of the distant planets Uranus and Neptune, to the giant bulk of Jupiter, re- 
tiiiis ail explanation 

Eiuthcr, we might look, according to this hypothesis, for a closer degree of associition be- 
tween tlic eipiators of the planets and the pilvucs of motion of the sati Hites, with the incilnl 
pi me of the system, according as the hulk of i plaint lendeicd it inobible that among tho 
mcteonc systems which had formed it there was a gicat piepoiidciance of inohuiis hcloiigiiig to 
the gcnei.il set of the scheme Accordingly, we find that, .imong the minor pl.iiiets winch 
triicl within the rone of asteroids, the inelimition of the rotatioii-iiUiic is giftitir in the t.isi of 
3 ilais than m that <if the caith (tho inchiiatioiis of Itfcicnry and Venus being unknown) , wliilo 
prorccding to the family of major planets, we find thu inilinition of Juintct's L(|u.ilor veiy 
SIM ill indeed (only 34 degrees), tint of ISaturn's coiisidcialile, and tlie inehn.ition of the eqii itor 
of Uranus absolutely abnittmal, if one can judge (as is probable) fiom the motions of his satel- 
lites Ntptune's satellite seems also to levolvc m a retrograde maimer, but as yet obscri.ition 
his not ecrtunly detemiincd the relations of this distint system 

It IS noteworthy of this hypotliesis that, aecoiding to it, ill tho planets and s.attlhtts would 
be eonstituted of the same elementary inatcn.ils , hut the l.irgci pl.inets would be oiigin.dly 
funned by bodies coming into collision with far greater force than those foiimng tho smallei 
planets Heuee the larger planets would bo laised to a far moio intensi degieo of heat Their 
specific gravity might on this account be expected to he sm.illcr than that of the irmior jdaiic ts. 
On the other hand, the satellites, and such veiy small incmbcis of the sjbtein as the asteroids, 
I'oiild be foimed by bodies comuig into collision with velocities rclativily bo niiiiute tli.it com- 
plete fusion might not be expectod to result in all cases, and a low ine.in sjiecilie grivity (us 
observed in the case of our own moon and the satellites of Jupiter) might result from the e-xist- 
cncf of vast c ivities in the interior of these bodies 

NEBULAR SPECTRA Mr Huggins has discovered {Phtl Tiatn, tS68, p 529) that 
tile irresolvable nebulai show spectra, eonsi&tmg of three or four isolated hiight lines, mueh 
ni-arei together than those m the cometary sjiectra From an cx.amination of about hi venty 
ntbul®, Mr Huggins fliids that nearly one thud give spectr.i of this character, Bhowiiig that 
they aie gaseous, the light of tho remaining being spread out by the pnsra into a spectrum 
winch is apparently continuous Of tho bright lines, one appears to bo due to hyilro- 
gen, and another to mtrogen, whilst the middle hue has not yet been identihed (bea 
ijicetruin ) 

Needle, magnetic Pnmanly apphed to a magnetised sewing or knitting needle , but 
My straight toagnet is called a magnetic needle according to the present usage of the teim The 
tetm IS not unfrequeutly employed to designate magnetic bars of many pounds weight. * 
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NEGATIVE AXIS OF CRYSTALS See Positive A xia of Crystals ^ Crystals Ouuc 
Alas of ' ^ 

NEGATIVE CONDUCTOR. The part of an electno machine at which negative electri 
city IS collected In an ordinary fnction electric machine it consistSi of a brass cyhnder to 
which the rubbers are attached (See Electric Machine ) ’ 

NEGATIVE EYE-PIECE This is the form of eye-piece most used fop telescopes and micro- 
aoopes It consists of a field glass and an eye glass, each piano convex, the plane surfaces being 
turned towards the eye, and the distance between them bemg half the sum of their focal 
lengths The focal length of the field-glass is three times that of the eye glass The focus of 
this eye-piece is between the two glasses, and it is therefore not so well adapted for use with 
micrometers as the jiosttue eye-jiiece (See Positive Eye-javece, Micrometer Eyepiece, E^e 
piece ) j„ 

NEKKAR (Araliic ) The star /3 of the constellation Bootes 

NEPTUNE (Niptunus ) In astronomy, the most distant of all the known planets, and 
eighth in order of distance from the sun Neptune travels at a moan distance of no less than 

2.745.998.000 miles from the sun, his greatest distance bemg 2,771,190,000, his least 

2.720.806.000 Since the earth’s mean distance from the sun is 91,430,000 miles, it fol- 
lows that the distance of Neptune from the earth vanes from about 2,863,000,000 to about 
2,629,000,000 miles The cccentncity of his orbit is small, amounting only to 0008720 Tliu 
inclination of the orbit to the plane of the ecliptic is 1° 47' Neptune is somewhat larger thw 
Uranus, his diameter being estimated to be about 37t30O miles, though, in the case of a planet 
which IS always at so enormous a ihatance from the earth, no confident reliance can be placed 
on such measurements The volume of Neptune exceeds that of the earth about 105 times, 
but his density bemg only o 16 (the earth a as 1), his mass exceeds the earth only about 
times We kuow nothing about his rotation upon his axis or the position of his axis 

The discovery of Neptune must be legardcd as one of the greatest triumphs yet achieved by 
the Newtonian astronomy The jdanct Uranus was found to be following a path not stnctly 
accordant with that assigned to it by astronomeiu, insomuch that Bouvard, to whom astronomy 
owes the calculation of excellent tables of Jupiter, Saturn, and Uranus, was led to express his 
belief that some external planet disturbs the motions of Uranus The French astronumer 
Leverner was led to examine this subject at length Ho considered all the various explaiia* 
tions available, and finally arrived at the conclusion that some planet external to Uranus must, 
as Bouvard had suggested, be in (Question In the meantime, Adams, of Cambridge, hod boldly 
adopted this solut^n of the question, and commenced the arduous labour of calculating, fium 
the observed jmrtiirbations of Ur.anus, the position of the disturbing planet Lcveirier and 
Adams worked simultaneously at the solution of this noble problem, but Adams retained the 
Start which his bold guess had given him, completed his labours first, described his results in 
a letter to Mr Airy, and afforded full means for the complete solution of the problem and the 
detection of the planet Nay, the planet actually was observed by Challis as a consequence jf 
the instructions he received, though he was led to postpone the requisite examination of Ins 
results in favour of other observations which happened to engage his attention. A mouth after 
the Cambridge Observatory had been set upon the track of the planet — to wit, on August 3>, 
1846 — Levemer published his results, and pointed out the place where the planet svas to be 
looked for The Beilin astronomers received information on the matter on September 23d, 
1846, and on the same evening detected the planet It is customary to asenbe their success to 
the accuracy of the Berlin star maps, while the failure of our I’lnglish observers is attributed to 
the want of accurate maps The real fact is, that the Berbn observers were impressed with a 
full sense of the importance of the communication which had reached them, and, as they recog 
msed the planet by its aspect, would in all probability have succeeded m their search even 
though they had had no maps to guide them, seeing that the motion of the planet would, m a 
day at the outside, have proved its planetary nature By unfortunate negligence on our part, was 
a discovery which would have adorned throughout all ages the fame of English a.stron(lD)y, 
Buffered to pass into the hands of Continental astronomers, or to remain as a subject of conteD' 
tion and lU-feelmg whensoever the just claims of our distmguished countrymen should be 
asserted 

It IS Important to notice that in nearly eveiy treatise on popular astronomy m which tne 
perturbations of Uranus by Neptune ore considered, a mistake is made involving a perfect 
misapprehension of the principles of planetary perturbation A figure is mtrodueed intended 
to exhibit the perturbing action of Neptune over an interval including the passage of UrMUfl 
from superior to inferior conjunction with Neptune , and over the whole of this passage Nep- 
tune’s attraction is represented os accelerating the motion of Uranus The revene is the case 
BO far as a large portion of this arc u concerned. Neptune attracts the sun as well as Uranus , 


nor, in thia case, does the excess of the sun's mass over that of Uranus oSect the question It 
13 only the excess or defect of Neptune’s action on Uranus which perturbs that planet 
We know very Lttle of the physical habitudes of Neptune, even the most powerful telescopes 
being ineffectual to exhibit any signs either of belts or of the rotation of the planet upon 
its axis It has been supposed that the planet rotates in a direction contrary to that ob- 
served among the other planets, though the only evidence on this pomt has been deiived from 
the motion of the satellite of Neptune, and the nature even of this motion has not been 
satisfactorily established. 

NEWCOMEN’S ENGINE See Steam Engine 

NEWTONIAN SYSTEM The name given to the modem system of physical astronomy 
os distinguished from the modem system of formal astronomy, which is usually called the 
C<^i'nican System, but is more correctly named the Kcylertan System 
NEWTONIAN TELESCOPE This is an improvement by Sir Isaac Newton on the 
Gregorian Bieflecting Telescope The concave speculum is not pcrfoiated It reflects 
the light from an object upon a plane speculum luclmed 45" to the axis of the instrument. 
This reflects the rays to the side of the tube, where a hole is cut to receive the eye-piece 
(See Tdesetype ) 

NEWTON’S niNGS When a convex lens of very long focus is pressed against a plane 
surface of glass the thin film of air enclosed between the two surfaces reflects light in asciies of 
rings coloured by interference (See Interference , Thin Films, Colou) s of ) These colours 
were first examined by Sir Isaac Newton, and arc hence called Newton's rings The order of 
colour follows that given under the heading Newton’s Scale of Colours The thickness requisite 
to produce a certain colour vanes with the refractive index of the substance Thus, supposing 
a thickness of 14 millionths of an inch of air were required to produce blue, this colour will he 
given by a thickness of 104 millionths of an inch of water and 9 millionths of on mch of glass, 
the necessary thickness dimimahing as the refractive index mcrcasca 
NEWTON’S SCALE OP COLOURS A senes of colours produced when light is reflected 
from an excessively thin film, gradually increasing in thicknuas The scale, commencing with 
the least thickness, at which the him reflects no light at all, but appears black, is as follows, 
the thicknesses (for'air) being given m miUionUis of an mch — 


ist order. 


2d order. 


' Black, 

Blue, 

White, 
j Yellow, 
Orange, 
lEed, 

( Indigo, t 
Blue, . 
Green, . 
Yellow, . 
Orange, , 
Red, 

L Dusky Red, 


3d order 


4th order 


5th order 
6th order. 
7th order 


Purple, . 

21 00 

Iiidigo, . . 

22 10 

Blue, . . 

2340 

Green, • . 

25 20 

Yellow, 

27 14 

Red, 

29 cx> 

Bluish Green, 

3400 

Yellowish Green, 

3600 

Red, 

4033 

Sea Green, 

4600 

Pale Red, 

5250 

Blue, 

58 75 

Red, 

6500 

Greenish Blue, 

71 00 

Reddish White, 

7700 


(See Interference of Light ) 

NICKEL A metallic element, bearing great similarity to cobalt, and intimately associated 
With it in nature Atomic weight 59 Symbol Ni It was discovered by Croustedt m 1751, 
and its name is derived from the German Kupfermlcel, or false copper, a term applied by the 
miners to the arsenide of nickel, a brass coloured substance which they mistook for copper 
pyrites The methods of separating nickel from arsenic and cobalt are complicated, and ora 
affected m what is called the wet way, that is to say, by solution in liquids and precipitation. 
A pure compound having been thus obtamed, it is reduced by heating m a furnace with char- 
*> 001 , or by reduction b^ carbomo oxide After fusion, pure nickel is sdver white, dqj^le, and 
malleable , it melts at about the same temperature as iron, and, according to DeviUe, itmupaases 
iron in tenacity , its specific gravity is 8 279. It is magnetic at ordinary temperatures, but 
loses this property at the temperature of an oil bath Its principal use in the arts is m the manu- 
facture 01 German silver, an alloy of nickel and copper (SeorAlUtys ) Nickel forms two oxides^ 
pmtoxul^SiO, and the peroxide Ni^O^ The protoxide is a dense grayish green powder, 
^hich diaaolvea m ocads fonamg aalta. ^e protocldonde of nvLd forms golden yellow scol^ 
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which dissolve in water to a fine green colour The principal sulphide of nickel is the protosul- 
phtde NiS. In the native state it has a brass yellow metric lustre. The hydrated protosnli 
phide IB a dark brown insoluble powder For the different salts of nickel, see the respective 
acids. 

NlCOIi FBISM A pnsm of Iceland spar so constructed that only one polarised my can 
pass through it It is named after the discoverer A rhomb of Iceland spar is carefully sawn 
into two parts idong a plane perpendicular to the plane of the larger diagonal of the base, and 
passing through the obtuse angled comers The two halves are then reunited by means of 
Canada balsam in exactly the same position in which they were before being cut The pnn 
ciple of its action is this, the refractive index of Canada balsam (i 549) is less than the ordmaty 
index of Iceland spar (x 654), but greater than its extraordinary mdex (f483). A ray of com- 
nion light entering the Nicol pnsm at one end, is divided into two oppositely polansed rays, the 
ordinaiy and the extraordinary When these rays meet the Canada balsam cement, the oidi- 
naiy ray undergoes total reflection from this surface, and is sent out of the field at the side 
whdst the extraordinary ray passes through alone The emergent hght is therefore polansed 
in one direction only The Nicol pnsm may be used either as a polanser or analyser When 
employed in delicate optical measurements an anomaly is frequently remarked the avimuths 
of extinction do not occur at a distance of 180° The error can amount to several tenths of 
a minute This error would be fatal to the use of the Nicol’s pnsm if the cause could not bu 
discovered, diminished, and remedied M Comu first pointed out this cause, and he has given 
the following explanation — The axis of rotation of the pnsm, or rather that of the instrument 
which carries it, does not coincide with the plane of the principal section, hence the ray whiih 
traverses it takes different directions in the pnsm, according to the azimuth, and the poUn«.v- 
tiOTi to which it is subject is not parallel to the plane of the optical symmetry of the crystal 
When the lines of entry and emergence of the prism are quite parallel, it can be regulated by 
trial , in general, tbe error will be only alternated and not annulled, but it may be climmatoil 
in proceeding by crossed observations In fact, it is easy to demonstrate by a very simple cal 
culation, and by direct observation, that the error e of the normal azimuth is given by tht . 
formula 

< = A (s + o) ; 

A and e being the constants, s the observed anmuth, it is easy to deduce that the mean of tbe 
reading of the azimuths, which should strictly differ by 180% gives, after the subtraction of 
90", the real azimirth The error is eliminated of its own accord, if we choose for the measure- 
ments of the azimiTths the mean of two positions of extinction, whether for the analyser or for 
the polanser (See Pdanmtion Plane) 

NICOTINE The active pnncipal of tobacco It is a colourless transparent oil, intensely 
poisonous, and of a burning taste even when very dilute , it has a strong alkaline reaction, nnJ 
forms salts with acids It boils at 482° F Tobacco contains it in proportions rarymg fiom 2 
to 8 per cent , Havannah tobacco contaimng the smaUest amount 

NIMBUS See Cloud 

NIOBIUM See Columhum 

NITBATES Combinations of nitric acid with bases are called nitrates. For the most part 
they ciystaUise readily, they are all soluble m water, and are g^enerally neutral to test papir 
When heated they readily decompose, evolving for the most part a mixture of oxygen and 
oxides of nitrogen , heated with combustible bodies they defiagrate violently, and sometimes 
explode The following are the most important nitrates Nitrate of Jianum White trana 
parent crystals, having a specific gravity of 3 1848 Formula BazNO^ It is prepared by dis- 
solving the native carbonate of baryta in dilute nitnc acid, and crystallising It forms regular 
octahedrons When heated the crystals melt, and at a red heat decompose, leaving a residue of 
pure baryta. It is tolerably soluble m water, but difficultly so m nitno acid It is used in 
the arts for pyrotechnic purposes, ns it produces an intense green flame when deflagrated with 
combustible substances Nitrate of Calcium A salt which is formed naturally in many parts 
of the world, and artificiidly in some countries, by imitating the conditions of nature When 
heaps of decomposing animal and vegetable matter, mixed with clay, chalk, ashes, &c , aim 
moistened with urme, soap-suds, &c , are exposed to the air for some years, decomposition 
place, and the nitrogenous matters oxidise to nitnc acid, which, umtmg with the calcium of too 
chalk, forms nitrate of calcium The solution from the lixiviated mass is mixed with a potassium 

salt to decompose the calcium salt, and evaporated down, when mtrate of potassimn erystaUfses ou t. 
These beds are called artificial nitre beds or saltpetre plantations, and are largely employea on t le 
Continent The same conditions which favour the formation of nitrate of calciumm thffle ncai 
are frequently' present in mortar and plaster, and the mtrate of calcium then foresees from 
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surface of the wall, causing rapid disintegration This is called the saltpetre rot Nitrate of 
calcium in the pure state forms six-sided prismatic crystals, very soluble m water, and 
decomposing when heated to redness Nitrate of Copper The only nitrate of impottanoe is 
the normal nitrate (Cu 2N03) which is obtained by dissolving the metal, its oxide or carbonate in 
mtne acid On evaporating the solution the salt is deposited in blue crystals, containing water 
of hydration , they are very soluble m water Nitrates of Iron Iron forms several nitrates 
most important are the normal /irric nitrate and the ferrous nitrate. The former has the 
composition h'e3N03 18H3O It crystallises in oblique rhombic prisms of a faint laiender 
blue tint, very soluble in water The ferrous mtrate (FezNOj) crystalhses in four sided 
prisms of a faint greenish colour, and veiy soluble in water An impure mixture of these two 
jiitrates is used in dyeing under the name of iron mordant Nitrate of Lead Tlie nonnol sa't 
has the composition Fb^ONgOg, it crystalhses m large white octahedrons, soluble in about eight 
tunes their weight of cold water, and in much less of hot water There are also many basic 
nitrates of lead, but they are unimportant Nitrates of Mercury Mercury forms two normal 
nitrates and many basic nitrates , tlie former need only be described The met cut ic mtrate 
(Hg2N03H30) 'rystaUises in bulky deliquescent rhombs, e-isily decomposed into basic salts on 
addition of wa^'^er The mercurous nitrate (Hg22N03 HgO) is the one usually met with , it is 
foimed by digesting excess of metallic mercury with cold nitnc acid , it separates in colourless 
monoclinic crystals which ore decomposed by mueli water into a basic salt For test purposes 
mercurous mtrate is always dissolved in very dilute nitnc acid, a little metallic mercury being 
added at the same time Nitrate of Potassium, called also nitre and saltpeti e (KNO ^ A white 
inodorous salt of a cooling bitter taste, crystalhsing in long six sidecf prisms which are anhy- 
drous and very soluble in water, and readily crystallised therefrom Nitrnti of potassium melts 
below a red heat without farther change, bolirhfying on cooling to a hard white mass known in 
commerce as sal pruneUie At a red heat oxygen is given off, mtrate of potassium being left, 
and if the lieat is continued nitrogen is evolved with the oxygen Wlien heated with combusti- 
ble Bubstancoa deflagration takes place , on this property its uso in tho manufacture of gun- 
powder and pyrotechnic mixtures depends Nitrate of potassium is found as a natural product 
m many parts of*tho world, where its formation is still going on The conditions nec ssary for 
its production have been described above (Nitrate of Calcium) They are frequently imiUted 
artificially, the essential requisites appearing to be an abundant supply of ammonia (from the 
oxidation of which the mtnc acid comes), the presence of earthy tiiid alkaline bases, free access 
of air and a mean temperature not lower than from 65° to 75° F If potash salts are iiresent in 
the substances used m making the beds, crude nitrate of potassium is at onfie ohtamed by hxivia- 
tion and crystallising, but if lime compounds arc in excess, mtrate of call mm, as before explained, 
is produced The principal impurity of crude saltpetre is cliloiide of sodium, which is separated 
by peculiar methods of crystallisation Nitrate of potassium is also prcpaicd in enormous 
quantities by decomposing nitrate of sodium with carbonate of potassium or caustic potash, 
when a double dccompositiou takes place, and nitrate of potassium is separated by crystallising 
Nttiate of Sliver ( AgNO ,), known also as lunar caustic, lapis vnfirnalis A salt crystallising m 
colourless trimetnc crystals very soluble in coM water When mixed with organic matter and 
exposed to light (see Actinism) reduction of silver to the metallic state takes place This 
property is taken advantage of in photography Nitrate of silver fomis insoluble comiKiunds 
With many kinds of animal matter, and is then gradually reduced to the state of metal, with 
oxidation of the organic substance , on this account nitrate of silver is used os a caustic, as it 
rapidly destroys organisation and vitality when applied to tho moist surface of tho body 
Nitrate of Sodium, called also Chti saltpetre. Cubic nitre (NaNtI,) A salt cryaUllising in ob- 
tuse rhombohedrons which closely approach cubes, hence the name cubic nitre It is deliques- 
cent in moist air, and dissolves readily in water , it behaves with heat iii a similar manner to 
nitrate of potassium Nitrate of sodium la found in enormous masses in some parts of South 
America, beds of it several feet thick occurring m the district of Tarapaca, northern Chili, 
where the dry pampa is covered with it for a space of forty leagues , its principal impurity is 
chloride of sodium, from which it is separated only with difficulty Owing to the low pnee of 
nitrate of sodium, it is largely used in the manufacture of saltpetre, nitric acid, and sometimes 
It 18 employed direct for inferior varieties of gunpowder, and also for manure Nitrate of Stron- 
tium (Sr2N O3). A colourless salt crystalhsing m octahedrons, soluble in live parts of cold water , at 
a red heat it decomposes, leaving a residue of caustic stiontia It is prepared like nitrate of 
banum, and when mixed with appropriate combustibles it causes them to bum with an intensely 
red flhme, forming the red fire of the theatres. Nitrate of siy.c, the normal salt (ZnxNO) 31130), 
crystalhseis m colourless four sided prisms, dehquescent in the air, and readily soluble m water 
and alcohol. Nitrate of Ethyl (nitnc ether, C3H5NO3) A colourless liquid insoluble In water, 
but Soluble in all proportions m olcohcl , it has a very sweet taste and a strong pecuhar odour , 
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it IS imflaminable , its specific gravity is i 112, and it boils at 85'’C (i85°F ) Nitrates of other 
ethyl radicals exist, but at present they are unimportant, and a mere enumeration of them would 
occupy far more space than their importance demands 

NITKE. See NUrates , Nitrate of Potassium, 

NITRIC ACID (Azatvc Aevd, Spirit of Nitre, Aquafortis) HNOg A colourless transparent 
liquid of specific gravity 152, it freezes at — 55‘'C , forming a mass hke butter , it boils at 86°C 
(i 87‘'F ) , fumes m the air, and when mixed with water it evolves on appreciable amount of 
heat. Nitnc acid is a very powerful oxidising agent , when hot and undiluted it attacks and 
destroys nearly all organic bodies with copious evolution of red fumes of nitnc peroxide, and 
when somewhat dilute it stains mtrogenous matter a bright yellow colour. It also attacks and 
oxidises most of the elementary bodies, except gold, platinum, and a few of the rarer metals >. 
the compounds produced ore for the most part soluble m water , silicon, tin, antimony, and 
tungsten forming however insoluble acids The most concentrated acid has so powerful an 
oxidising action on carbon that it is competent to keep up the combustion of a lump of red hot 
charcoal plunged into it The mdustnal uses of nitnc acid are very various and important , a 
mixture of it with hydrochlonc acid forms nitro hydrocldanc and (nitro-munatte and, aqua- 
regia), which is used for dissolving gold and platinum With many kinds of organic matter 
strong nitric acid, if the temperature be kept down, forms what are called mtro substitution 
products, one, two, or three atoms of hydrogen beang removed from the compound, their 
place being occupied by an equal number of molecules of mtrjl (NOj) Some of these mtio- 
substitutiou compounds are of great importance m the arts, thus from benzol (OgHg) is formed 
ratro-ienzol ('OgHB(NOjl ) which is used in the manufacture of aniline , with phenol or carbolic 
acid (CgHgO) IS formed tn mtro phenol, or piene and (C5H^(NO«)jO) , from cellulose (cotton, 
woody fibre, &c , CgHigOfl), we get tnrnttro-cdbdosf (C6H7(NOg)jb) or gun cotton 

NITRIC ETHER See Nitrates, Nitrate of Ethyl, 

NITRO-BENZOL See Benzol, N Uric And 

NITROGEN (nrpov, nitre, and yemau, to generate Azote, a, without, and fcoi;, life ) An 
element discovered by Rutherford in 1772 Atomic weight 14 Symbol N. It is a permu 
nent gas, constituting about four fifths of the volume of the atmosphere It 'is colourless, un 
condensible, tasteless, inodorous, and neutral to vegetable colburs It dissolves m cold water to 
the extent of ij per cent It is incombustible, and does not support respiration, although not 
irrespirable It is not poisonous, but kills from the absence of oxygen It acts in the atmoB> 
phere pnncipally as a diluent to restrain the too energetic action of the oxygen (See At- 
mosphere 1 In the fr£e state, nitrogen exhibits no marked properties, although it enters into the 
composition of the strongest acids, the most deadly poisons, the most bnlliaut colours, the most 
valuable medicines, and the most destructive explosives, appearing to give energy by its pre- 
sence, and aSordmg a strange contrast to its absence of character in the free state Nitrogen 
la generally procured from the atmosphere by burning a piece of phosphorus under a bell jar 
standing over water The phosphorns unites with the oxygen, forming phosphono acid, which 
IB readily soluble m water, leaving the nitrogen behind There are many other ways of forming 
mtrogen, but these need not be detailed here Nitrogen forms the first term of the tnad 
group of elements, the others being phosphorus, arsenic, antimony, bismuth, and vanadium 
Nitrogen unites direct with the metals titamum, tantalum, and tungsten These are said even 
to bum m it, and, under some circumstances, it umtea direct with hydrogen, oxygen, and 
carbon 

NITROGEN, IODIDE OF See Iodine 

NITROGEN, SPECTRUM OF The spectrum of nitrogen in a Gewsler’s tube la some- 
what complicated When not ignited much beyond its point of mcandescence, a senes of bands 
is aecA tolerably equidistant, sharp at one side, and shading off towards the violet end If the 
temperature is increased by introducing a Leyden jar into the circuit, the spectrum changes 
altogether, and is now composed of fine bnght lines Plucker has called these spectra of the 
'first order and spectra of the second order The change takes place quite suddenly, and is attn- 
buted to the change of aUotropic condition of the gas Other gases beades mtrogen are found 
to exhibit siimlax phenomena * 

NITRO-GLYOEBIN. A light, yellow, oily liquid, of specific gravity I 6, prepared by 
acting on glycerm with strong mtne acid, by which means three of the hydrogen atoms are 
removed and replaced by three molecules of nitnc peroxide Its composition is Cj|HB(NOy)sOg 
Nitro-glycenn is a most powerful explosive agent, detonatmg when struck with a hammer, or 
when exposed to the detonation of lulminatmg mercury, &;c When cautiously hqite d, it d fr 
composes without explosion. Exposed to a low temperatore, mtro-glycenn freezes liwa crystal- 
line masi^ and a slight Uow will aometimea cause the whole to expire with temfio violenoe. 

NITRO-HYDROCHLORIC ACID. See Nttnc Acid. 
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NITKO-MURIATIC ACID See NUrie Acid 
NITEO-SUBSTITUTION COMPOUNDS See IVttnc ilcnZ 

NOBILI’B FIGURES Nobili found that, if a drop of acetate of copper ho placed on a 
silver plate, aad if the point of a small rod, or wire of zmc be bronsjht down upon the plate in 
the middle of the drop, the copper which is liberated attaches itself to the silver, forming nngs 
around the point of the zinc, alternately light and daik To these are given the name of 
Ndbdt’s Rinf/a or Figures A smiilar effect may also be produced in the folloiving way — Let 
fiiiely-powdered litharge be boiled for some time m solution of caustic potash An alkaline 
solution of the lead oxide is thus obtained A silver plate is immersed m this liquid, and is 
connected with the positive electrode of a moderately powerful battery (8 or lo cells of Run- 
sen) To the negative electrode la attached a platinum wire, which is passed through a glass 
tube, fused m and cut off, so that only the point la visible, and this is brought near to the silver 
plate. On doing so, hinoxido of lead is deposited on the plate around the point in conceiitnc 
nngs, owing to a secondary action of the following nature — Some oxide of lead is decomposed, 
and the lead which is set free round tlie negative electrode, combines, with the oxygen set free 
at the positive electrode, to formlunoxide, which attaches itself to the plate These rings are 
found in layc’s, whoso thickness decreases from the middle, and they display therefore New- 
ton’s pnsma'ic colours 

NODE {Nodus, a knot ) In astronomy, the points of intersection of any great circle on 
the celestial sphere with any other are calh-d tlio nodes of the former eiiclo on the latter The 
jKunt at which the former circle passes from north to south of the I.ittcr is c illed the asrmdwg 
node, its sign is The opposite node is called the descending node , its sign is ts The line 
joining the two nodes is called tho nodal lino 

The echptic is usually tho circle of reference, so that when the nodco of a jdanct arc spoken 
of without further diatmctioii, the nodes of that planet's orbit on the ecliptic arc uudcistood to 
be referred to 


* NODES AND SEGMENTS IN PIPES If the air in a, tube, open at both ends, bo set lu 
vibration m such a way as to produce a musical note, when the fundamental note is sounded, 
the centre of the tube w alternately the region of maximum compression and maximum rarefac- 
tion , it IS, m fitet, a node or region of rest The two ends of tho tube are tho centres of ventral 


segments, and there the air is in the state of^lie most violent agitation The length of the pipe 
18 half the length of the travelling wave If tlic pipe be closed at one end, nnd its fundamental 
note be sounded, the closed end of the pipe being at rest must be iii contact with a node, the 
other and open end being as before the centre of a ventral segment It follows that the closed 
pipe will give a note on octave below an ujieii one of tho same length ^ or, in order that an 


open and a closed pipe may give the same notes, the closed one must be half as long as the open 
one (Compare Otgan Piiei ) 

NODES AND SEGMENTS IN STRINGS A stretclied stung or wire, when gently 
plucked in the middld, will give rise to its fmulamcntal note, accompanied by tho feeble higher 
octave (See Cedom of Tone ) If a feather be jilticcd on tlie centre of the string, and a point | 
from one end be plucked, the string will vibrate m two segments, and possess tbreo nodes, one 
at each end, and one in the middle If the feather bo placed ^ from one end, nnd the point ^ 
from that end be plucked, the string will vibrate in three segments, and have four nodes, and 
so on. The higher octaves of the fundamental note are produced when the feather is placed 
(i) m the middle, (2) at ^ tho length, (3) at the length and so on If we examine such a 
string, we find that, when one segment is rising, the neighbouniig two are falling, nnd vice 
lersa, and that the points between the segments are nearly at rest If a stretched string when 
vibratmg as a whole gives rise to a certain note, it will, when divided into n segments, give rise 
to n notes, the pitch of each of which is n tunes that of the original note 'J'here must evi- 
dently be m all cases n -H nodes if there are n segments Tho formation of nodes can bo well 
studied by hangmg from the ceihng a long India-rubber tube filled with sand Such a tube, by 
agitatmg the free end, can be made to vibrate m a great variety of segments 

NOMENCLATURE OF COLOURS There is no very accurate system of nomenclature 
of colours m general use The most accurate plan for scientihc purposes is to refer to a portion 
of the solar spectrum by giving the distance between any two of the lines For compound 
colours not m the spectnun, such os pink or brown, definite portions of two spectra may be 
superposed For less accurate work, CAevreul’s Chromatic Circle (which see) may be found 
nseful In ordinary language, red, yellow, and blue are called pnmaty colours. Combinationa 


01 uiese give secondary colours , red and yeuow give orange , yeiiow ana erne ^ve green ; 
blue and red give purple Combmations of secondary, colours give tertiary colours thus 
purple aifl orange give russet , orange and green give mtnne , and green and purple ^ve 
obve. Most colours, however, have some arbitrary name, such as Magenta, Phosp&uie, Hum- 
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boldt , or they are named after natural substances, thus Puschine, emerald green, canarv 
yellow, &c. ^ 

NON-CONDUCTOE OP ELECTRICITY A body which does not allow electncity to pass 
oTer its surface. Glass or \ulcanitc, for example, are non-conductors (See also Conductor and 
Insulator) 

NON-ELECTRIC A term formerly used to designate a class of bodies which it was sup- 
posed could not be electnfaed by friction The metals, for example, came under this category 
But it IS now well known that the reason why these bodies were apparently not electnhable 
was, that m performing the experiment no precaution was taken to prevent the electricity from 
passing away from them os it was produced After the discovery of a difference between 
bodies as to the power of conducting electncity, it appeared at once that all those substmees 
which had formerly been called “ non-electrics ” are conductors of electncity, and that by proper 
means they (an be electrified as easily as those which were called electrics The distinction is 
therefoie now broken down, though the tenus are still to a certain extent m use 
NORMA (The Square Rule ) A southern chnstellation formed by LacaiUe 
NORMAL SOLAR SPECTRUM In the spectrum, as seen by prismatic dispersion, some 
parts are more expanded than others (See Dispersion, Irrationality of) A normal solar spec- 
trum IS one in which the fixed lines are mapped according to their wave-lengths, calculated 
from observations made with diffraction spectra (Sec A J Angstrom on the No rmal Solar 
Spectrum UpsaJa, i868 Also Roscoc’s Spectrum Analysts, page 225 ) 

NOVEMBER METEORS Sec Meteors, Luminous 

NUBECUL.(E (Little Clouds ) Two very remarkable objects on the southem heavens, 
long known to sailors as the MayeHame Clouds They resemble in general appearance detached 
portions of the Milky Way, but on telescopic scrutiny are found to differ from the Milky Way m 
this, that whereas the galaxy shows few irresolvable nebuls, the Nubeculse exhibit great num- 
bers of all orders of nebul.X! This is especially the case with the Nubecula Major, withif 
which Sir John Herschel counted no less than 278 nebula:, besides noting 50 or Go outliers 
He has pointed out that the existence of nebuhe of all orders, with stars from the 9th to lower 
orders, within a region which must be regarded as roughly spherical m form, should teach us to 
look with caution on the theory that iiebuhc necessaiUy be at mordinate distadces beyond the 
fixed stars * 

NUCLEUS (A kernel ) In astronomy the bright or condensed part of a comet 
NUCLEUS When a bit of bread is thrown into a glass of champagne or of soda water, it 
immediately becximes ravered with bubbles of gas which escape with effervescence, tho bread 
being really effective Is a nucleus in separating gas So also if a solid that has been exposed 
to the air, or handled, be put into the soda water or champagne, it will be immediately covered 
with gas If a similar solid be put into a hquid at or near the boiling point, it will produce a 
burst of steam or vapour, and so act for a time as a nucleus Milk, at a certain temperature, 
suddenly boils over from the presence of fatty nuclear particles suddenly liberating steam at 
every part of the hi^uid Again, if a similar body be put mto a supersaturated sahne solution, 
it will produce immediate crystallisation 

It had long been obsorved that, under certain conditions, bodies become inactive, or cease to 
act as nuclei, os when a glass rod had been passed through flame, or boiled and dried out of 
contact with air It was supposed that the body thus treated had undergone a molecular 
change, or that tho action of nuclei was catalytic (see Catalysis), or that the air exerted some 
mystenoils influence, and so on Thus, it was supposed that a nucleus put mto soda water 
or a boiling solution acted by canying down air into which the gas or the steam could expand, 
and so escape 

This subject has been investigated by Mr Tomlinson, who has greatly extended and multi- 
pbed the phenomena, and included them in a coherent theory, of which we propose to give 
some account Those who desire further information arc referred to Mr Tomlinson’s papers 
in the Phil Trans for 1868, p 659 , to the Proceedmra of the Royal Society, voLs xvi 403 , 
xvii 240, xvui 533 See also Phil Mag for Aug 1867 and the subsequent volumes, and the 
last 5 or 6 volumes 0$ the Chemical News 

Mr Tomhnson considers the contradictoiy action as to the behaviour of nuclei, noticed by 
former observers, to become clear by attendmg to this fact, namely, whether the sohd nuclei 
were or were not chemically clean as to surface at the moment of contact with the solution m 
which they were placed. 

A nucleus is defined as a body that has a different, generally a stronmr, attraction for the 
gas, or the salt, or the vapour of a solution, than for the hquid which holds it m solubra 
A substance is chemically dean or eathansed (see Cathar^), whose surface is envely free 
from any libbstonce foreign to its own composition. 
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IJeference is here made to surface only. A glass rod may be chemically clean, even though 
a particle of carbon or of ferric oxide be inclosed and shut off deep vrithm it, but not so if the 
particle reach and form part of the surface itself So also a piece of wax or steanne may be 
full of dirty particles , but if a bit of the wax or steanne be melted into a globule, and so 
dropped into a supersaturated saline solution, it may not act as a nucleus, because the surface 
may consist of pure wax or steanne 

CatJtamatton is the act of cleaning the surface of such alien matter, and the surface so 
cleaned is said to be cathanaed 

As everything exposed to the air or the touch talces more or less a deposit or film of foreign 
matter, substances may be conveniently classed as cathanaed or uncathai laed, according as they 
have been cleansed or not. 

And it IS not, perhaps, taking too much license with language to extend the term cathariaed, 
denoting, as it does, the condition of pure surface, to those substances whose surface has not 
required the process Thus, a dint stone m the rough has an uucathariscd surface, but split 
and the inner surface of the pieces will for a time be clean 

Kefernng to the defimtion of nucleus above given, substances, with reference to this defini- 
tion, may be divided into nuclear substances and non nuclear 

The nuclear are those that may per ae become nuclei The non-nuclear are those that have 
not that quality 

The nuclear substances would seem to be very few, the larger number of natural substances 
ranking under the other division 

Under nuclear substances are those vapours and oily and other liquids that form thin films 
on the surfaces of liquids and solids , and, generally, all substances in the form of films, and 
only m that form. Thus, a stick of tallow, chemically clean, will not act, but a film of it will 
act powerfully 

If a drop of a liquid bo placed on the surface of another liquid, it will do one of threo things 
Japart from chemical action) — (i) it will diffuse through the liquid, and in general, not act as 
”a nucleus , or (2) it will spread out into a film , or (3) remain m a lenticular shape It becomes 
a ilLm or a lens sw;<x}rding to the general proposition, that if on the surface of the liquid A, 
whose surface tension is a, we deposit a drop of^the liquid IS, whose surface tension, b, is less 
than a, the drop will spread into a film , but if, on the contrary, b be greater than a, or only a 
httle less, the drop will remam in the form of a lens Hence iJf li spread on A, A will not 
spread on the surface of B 

This general proposition may not always apply in the case of supersaturated saline solutions, 
on account of the auperfievd vucoaity, or the greater or less difificulty of the superficul molecules 
to be displaced 

A glass rod drawn through the hand becomes covered with a thin film, or the same rod by 
exposure to the air contracts a film by the condensation of floatmg vapours, dust, &e , and m 
either case is brought into the nuclear condition 

A second class of nuclear bodies are permanently poroua substances, such as charcoal, coke, 
pumice, &c The action of these is chiefly confined to vapourous solutions, and if cathorised 
having no power of separating salts from their supersaturated solations 

Under the non-nuclear, forming by far the larger class oi substances, are glass, the metals, 
&c , while their surfaces arc chemically clean 

Among the non nuclear substances will be found air , for its ascribed nuclear character is due, 
not to itself, but to the nuclear particles of which it is the vehicle If air bo filtered through 
cotton-wool it loses its apparent nuclear character , so also if heated 

When a cathansed body is placed m a supersaturated solution, such solution adheres to it os 
& whole , but if such body be non-cathansed, the gas or vapour or salt of the solution adheres to 
it more strongly than the liquid portion, and hence there is a separation An active or non- 
cathansed surface is one contaminated with a film of foreign matter, which filmy condition is 
necessary to that close adhesion which bnngs about the nuclear action , for it can bo shown 
that an oil, for example, is non-nuclear m the form of a lens or globule, but powerfully nuclear 
in the form of a film 


Some liqmds (absolute alcohol, for example) form films, and act as nuclei by separating water 
Instead of salt from supeisaturat^ solutions _ * 

Other hquids {glycenn, for example) diffuse through the solutions without octmg as nucl^. 
Natty oils may slowly saponify, or oil of bitter almonds form benzoic acid m contact with 


Natty oils may slowly saponify, or oil of bitter almonds form benzoic acid m contact with 
Bupersaturated solutions of Glaub^’s salt without acting os nucleL 
The Boluflona (say of Glauber's salt) are prepared with i, 2, or 3 parts of the salt to i part of 
vater , th^ are boiled, filtered into clean fiasb, and covered with watch-glasses When cold. 
Watch-glass being lifted ofif, a drop of oil is deposited on the surface of the supei&tuiated 
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solution In an experiment described, a drop of pale seal oil formed a well-shaped film, with 
display of iridescent rings, and immediately &om the lower surface of the film there fell large 
flat prisms with dihedral summits of the lo atom sodic sulphate. The prisms were an inch or 
an inch and a half m length, and three eighths of an inch across The crystallisation proceeded 
from eTeiy part of the lower surface of the film, and as one set of crystals fell off, another set 
was formed, until the whole solution became a mass of fine crystals m a small quantity of liquid 
an effect quite different from the usual crystallisation which takes place when a supersaturated 
Bolutiou of Glauber's salt is subjected to the action of a nucleus at one or two points m its sur- 
face, as when motes of dust enter from the air, or the surface is touched with a nuclear point 
In such ease small crystalline needles diverge from the point and proceed rapidly m -nell packed 
lines to the bottom, the whole bemg too crowded and too rapid to allow of the formation of 
regular crystals 

Similar experiments were made on solutions of Glauber’s salt of different strengths with 
drops of ether, absolute alcohol, naphtha, benzole, the oib of turpentine, cajuput, and other 
VI latile oils, sperm, hemng, olive, linseed, castor, and other fixed oils of animal and vegetable 
origin, with this general result, that whenever the hquid drop spread out into a fihn, it acted as 
a powerful nucleus , but when the oil formed a lens there was no separation of salt, even when 
the flasks were shaken so as to break up the lens into small globules If, however, a sudden 
jerk were given to the flask so os to flatten some of the globules against its sides into films, the 
whole solution instantly became solid A siimlar effect was produced by introducing a clean 
inactive solid for the purpose of flattening a portion of oil against the side of the flask 

Steanne from sheep’s tallow that had been exposed to the air produced immediate ciystalli 
sation, but by boiling the solution and covering the flasks, the steanne, now catharised, had lost 
Its nuclear character on the cold solution Similar observations were made with the fixed oils 
that form lenses or globules in the solution So also volatile oils containing products of oxida- 
tion, dust, &c , are nuclear, but when catfaansed by bemg redistilled they are mactive in the 
globular state, active in the form of films 

Supersaturated solutions of potash alum, ammonia alum, sodic acetate, and magnesia sulphate' 
were also operated on with resfllts similar to those obtained with solutions of, Glauber's salt, 

When a liquid forms a film on the surface of a supersaturated solution, the surface-tension of 
the solution is so far dmimished as to bring the film into contact with the solution, when that 
differential kind of action takes place whereby the salt of the solution adhering more stiongly 
to the film than the water of the solution, the action of separation qnd crystallisation, thus once 
begun, IS propagatq(i throughout A similar action takes place with solid bodies that ha\c 
contracted filmy nuclei by bemg touched or drawn through the band, or merely exposed to the 
air , they ore active or nuclear by virtue of the films of matter which more or less coicr 
them 

On the other hand, when a drop of oil (or many drops) is placed on. the surface of a super 
saturated saline solution, and it assumes the lenticular form, or even flattens into a disc, such 
lens or disc is separated from actual contact with the solution by surface tension That 
the adhesion is very different from that of a film may be shown by pourmg a quantity of re 
Gently distilled tuipentme, for example, on the surface of chemically clean water, and scraping 
upon it some fragments of camphor , these will be immediately covered with a solution of 
camphor in the oil, which solution will form iridescent films, and sail about with the camphor, 
vigorously displacing the turpentine, and cutting it up mto smaller discs and lenses So in the 
case of supersaturated saline solutions, the oil-lens is not sufficiently m contact with the surf.icc 
of the solution to allow of the exertion of that differential kind of action whereby salt is sepa- 
rated Even when, by shaking, the oil is broken up mto globules, and these are submerged, 
they are BtiU bo far separated from the solution by surface-tension as to prevent actual 
contact 

It is remarkable that if care be taken to maintain the condition of chemical cleanliness, ciys- 
tals do not act as nuclei to their own supersaturated solutions, because the solution adheres to 
them as a whole, and we have seen that in order for a nucleus to act it must adhere more 
Btrongly to the scdine portion than to the aqueous portion of the solution, or vux versd 

So sdso if a highly supersatiiiated solution m a clean vessel, protect^ from the dust and 
motes of the air, be reduced in temperature from o° ^ to — 10°, the eolation sohdifies mto an 
unstable hydrate, and in raising it to 32* it again liquefies without any regular crystallisation, 
such as takes place in the presence of a nucleua (See SupeTvaturatUm.) 

NUTATION (Ifutatw, a noddmg } The name given to a small gjmtion of the earth s 

axis around the mean position due to precession. With reference to tins mean nosition me 

motion of nutation takes place m about 19 years m a small eUipse, having a major &ia of 18 5 
•ad • mmor axis of 13 74" , but aa the preoessional motion Is contibually oaixyug the axis on* 
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tvards in a much larger circle (see PreetBaion), the actual motion le along a waved circular line 
The major axis of the email elhpae being towards the pole of the ecliptic, the tffLct of imtation 
BO for as the obhquity of the ecliptic is concerned, is to cause it to oscillate Q 25" on each side 
of its mean value, wMe os far as the position of the nodes of the earth's equator .irc cone cnied, 
nutation causes these nodes to be alternately in advance, or behind their numi jiinc e due to 
precession by 6 87". For the cause of nutation see Precession Bradley discoveied and evpl uned 
the nutation of the earth’s axis, not long after ho had discovered the phcnoincuon called the 
aberration of the fixed stars 

NUTRITION, ANIMAL AND VEGETABLE. See Animal Nutrition, Vci/ctallc 

Nutrition 

NUX VOMICA. See Stryclimne 
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OBJECT GLASS The lens or combination of lenses which in a telescope or microscope 
forms theimapo of an object in its focus, which image is afterwards viewed by means of an eye- 
piece (Bee Tdescope, Microscope ) 

OBLIQUITY OF THE ECLIPTIC The angle at which the earth’s equator is inclined 
to the plane of the ecliptic ISco Ecliptic') This angle is not constant, but within historic 
ages has been continually diminishing Astronomers recognised this change lung before its 
cause was known It is now known to be part of an oscillatoiy piocoss of change, t iking place 
in a very long cycle and within somewhat narrow limits of change, the gre itcst v.iiiatum on 
either side of the mean value of the obliquity being but 1° 21' It must be reiiienibered that 
this change is not due to a change in the inclination of the earth’s eipiator to a fixed plane 111 the 
solar system, but is a real change in the position of the earth’s path round the sun, and there- 
fore in the position of the ecliptic upon the celestial sphere The follow ing values siifhoe to 
indicate the nature of the change In A U I lOO the ohhqiuty was 23“ 48' 43" , m the year 
1870 it has a mean value of 23" 27' 223", in the year 1900 it will Lavo a mean value of 
23* 27' 8 o" 

OBSCURE HEAT The heat which is manifest beyond the red end of jthc spectrum, when 
a beam from the sun or other luminous souice is decomjiused by a pi ism, is thus called , also 
all heat which is unaccompanied by light — ^tho heat, <’or instance, ladiated from a vessel filled 
with boiling water The heat rays of tho spectrum beyond the red aio also known as vJtiu red 
rays, dart heat rays, initsMc heat says By separating the light TKfS, proceeding from a 
lummous source from the heat rays (by filtering the beam through a solution of iodine in bi- 
sulphide of carbon), Tyndall found the followmg relationship between the luminous and obscure 
rays from different sources — 

I In the ease of thd most brilliant portion of a gas flame, if the total radiation, luminous and 
^bscure, be divided into 25 equal parts, 24 parts consist of obscure rays and i of luminous rays 
total radiation from a white hot platinum wire bo divided into 24 parts, 23 parts 
consist of obscure rays and l of lummous rays 

3 If the total radiation from the voltaic are taken between carbon points, and produced by 
a battery of fifty cells of Grove’s arrangement, be divided mto 10 parts, 9 parts consist of 
obscure rays and I of luminous rays 

The following table shows tho results obtained by Tyndall with various sources, both obscure 
and luminous, by filtering through a solution of iodine in bisulphide of carbon, which entirely 
prevents the passage of luminous rays, while it allows tho obscure heat rays to pass through it 
without absorption — 
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Baoiaiion jbom Vabioxts Souboes thbough a Solution of Iodine in Bisulfhidb 
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Source. 

Dark spiral. 
Lampblack at 212* F., 
Red-hot spiral. 
Hydrogen flame^ 

Oil flame, 

Gas flame, 

White hot spiral, 
Electric lights 
(See also Cdoracence ) 


Proportion of 

Proportion of 

Luminous rays 

Obscure beat rays 

Absorbed 

TransmlttciL 

0 

100 

0 

100 

0 

100 

0 

100 

3 

97 

4 

96 

4-6 

9S‘4 

10 

90 



OBSUBVATORV. A bvuldmg intended for systematic observations of natural pbenomena^ 
(See Ohaervaltory, Astronomical, &c ) 

OBSEBVATOBY, ASTRONOMICAL The observation of celestial phenomena is now 
earned out in a systebnatic manner in nearly all civilised countries The bmldings erected fur 
this purpose have to be constructed with special reference to certain requisites They mut>t 
not only be stable, but the principal instruments used for observmg the stars must be free from 
all contact even with the firmly built walls of the observatory These instruments are there- 
fore mounted on stone pillars sunk in the sohd ground, and isolated from the floors of the 
rooms in which the observers work In addition to these precautions, it is found necessary to 
observe vnth extreme care changes which take place in the position of the support, owing to 
(dianges of temperature, humidity, and so on It would be wholly impossible, of course, to 
describe in such a work as this the various methods by which these and other requirements are 
secured , but it is necessary that the reader should thoroughly understand that those who work 
m our observatories are continually engaged m making such precautions more effectual, and aic 
also continually on the watch to detect new forms of disturbance to which (m however slight a 
degree) their instruments may be exposed 

The telescopes made use of in astronomical observatories are of two classes, mendtonoZ instru- 
ments, or those which can only be used to observe objects on the mendian, and extia meridional 
instruments, by which objects in other parts of the heavens can be observed To the former 
class belong the transit instrument, transit circle, and mural circle , to the latter the egitalonal 
instrument and the aUttude and azimuth instrument The subordinate instruments and appli- 
ances are too numerous for special mention (See Loomis’ Practical Astronomy, and Pearson's 
Introduction to Practical Astronomy ) 

The prmcipal public observatories at present in existence are those of Greenwich, Pans, 
Foulkova, and Cambridge, U S , but there arc many others The number of private observa- 
tories IS not only large, but continually increasmg 

OBSERVATORY, MAGNETIC The aim of magnetic observatones is to record the 
vanations of the terrestrial magnetic elements— that is, of the magnetic declination, inclination, 
and intensity, for the purpose of deducing the laws according to which theso* variations take 
place The first regular and systematic observation was earned on at Gottingen by Gauss, 
and a band of pnvate observers headed by him , but the establishment of the present national 
observatories is vciyr much due to the influence of Humboldt He, in 1819, applied to the 
Russian Government, and obtained the institution of numerous magnetic establishments, and 
slioitly after, with thb aid of the Royal Society and the Bntisb Association, succeeded in in- 
ducing the British Government to take part in the work, and to set up observatones in Green- 
wich and Dublin, and in Toronto, Van Diemen's Land, at the Cape of Good Hope, and St 
Helena Systematic and synchronous observations were mode and recorded, and from these have 
been deduct all that we know of the laws of the phenomena of terrestliM magnetism Some 
of the observatones originally established, having done their work, are, for the present at least, 
disused, but there ore still some of them in constant employment, and new ones have lately 
been established at vanous places throughout the United Kingdom At present, observations 
are made at Greenwich and Dubhn, at Kew, Glasgow, Armagh, and all the other chief meteoro- 
logical establishments 

We have desenbed, under Magnetism, Terreslnal, and under the special designations, the instru- 
ments used m determining the vanous elements and the methods of doing so. We refer the 
reader to those articles, merely explaining here how photography is applied to obtain constant 
self-registration of the changes. To the magnets used in the vanous instruments ore attached 
(as is desenbed, see Gauss's Magnetometer) small light mirrors which turn with them Opposite 
to the mirror is placed a paraffin lamp, which lets fall through a small hole a beam upon the 
mirror The beam is reflected by the mirror, and sent through a narrow tube into a closed 
box wherein a cylinder is alowly turned by clock-work m front of the tube, aud on the surface 
of the cybnder is a slip of photographically sensitized paper The spot of light falhng upon the 
paper darkens it at the pomt where it falls, and a register is thus taken of the position of the 
spot, and hence of the deviation of the mirror and magnet from their normal position. Close 
to the moving mirror another small fixed mirror la supported, which also throws a spot of 
through the tube on to the tnmmg cybnder , and the position of this mirror la arranged so 
that, when the magnet stands at a certain position, which we may coll zero, the beams 
of light from the two mirrora, the fixed one and that attached to the magnet, fall upon 
the same point of the cylinder Thus as the cylmder turns it will be seen that a zero line is 
traced out upon the paper by the spot from the fixed mirror , and it is from this zercahne tlmt 
measurements, upon which calculations ore based, are made to the curve traced out the 
other spot The paper of the cylinder is changed once in twenty-four hooi^ tliat on which the 
hues have been tracra is photo^nphically fisted 


OBS 


411 


OHM 


Beaidea these self -registered records, from which the variations in the magnetic elements are 
deduced, observations are taken at regular intervals in order to determine the absolute values of 
t iinm , and this, with the reduction and entry of the values obtained, constitutes the chief part 
of the magnetic work of an observatory All the magnetic observatories are -ilso meteorological 
observatones, and the state of the weather, temperature, barometric pressure, appearance of 
clouds, occurrence of auroras, electric perturbations at the various hours, are noted and care- 
fully compared with the magnetic changes 

We refer our readers for more detailed information to the memoirs of Professor Lloyd m 
connection with the Dublin Observatory , to those of Sabine with respect to the foreign sta- 
tions , and to the Deports of British Association on the subject of Xew Observatory, from 1842 

onwards 

*'* OBSERVATORY, METEOROLOGICAL A building intended for the conduct of obser- 
vations on the state of the atmosphere ami weather changes generally The principal instru- 
ments made use of m a meteorological observatory are the barometa for measuiing the weight 
of the air, the therinometer for measuring its temperature, the liyr/ionieter for meosuiing its 
moistnesB, the pluviometer OTrain-gaui/e for estimating the hourlj, daily, or monthly rainfall, tho 
anemometer for measurmg the force of the wind, and the decU omctei Lately a great advance 
has been made in the conduot of meteorological observations by the introduction of tlic practice 
of publishing frequent and early records of the state of tbo atmosphere or weather at different 
stations By means of the telegraph it thus becomes possible to form a Loiiccptioii of the 
general state of the atmosphere over a country, or even a continent, in place of having mere 
isolated records of the phenomena presented at a single station 
OCCULT ATION. (Occuitetio, a concealment) Tho couLOalmcnt of one celestial body behind 
another The term is commonly limited to the concealment of stars by the moon, and of Jupi- 
ter's satellites by the disc of then primary 

Occultations of stars by the moon afford important information respecting the lunar motions 
They also supply an effective means of determining the moon's apparent diameter The Astro- 
nomer-Royal has been led by examining the occulhitiuns of stars to the conclusion that irradia- 
tion considerably uiCreases the moon's apparent diameter 
The present writer has pointed out a way m which occultations might be made to indicate 
the apparent diameters of the fixed stars 
OCEAN CURRENTS, INFLUENCE OF, ON CLIMATE See CTmofe 
OCHRE {o>xpO', ps-Ie yellow ) A name applied to several metallic oxides m a native pul- 
verulent condition, when of a brownish yellow colour It is, however, chiefly tfiplied to hydrated 
peroxide §l iron when fit for use as a pigment, and is called red ochre, yellow ochre, or brown 
ochre, according to colour Cobalt ochre, bismuth ochre, chrouio ochre, and antimony ochre 
are also terms occasionally used 

OCTANS (The OctaM ) One of Lacaille's aoutliem constellations The south pole of the 
heavens falls within this constellation, but no conspicuous star lies near enough to that pole to 
be called the southern pole star 

OCTAVE (Oc(o, eight ) The interval or relationship of two musical notes, the numbers of 
vibrations of which in the same tune are as 2 i One note is an octave above or below another 
when the number of vibrations per second which produce tho first is half or double of the num- 
ber of vibrations producing the second In the ordinary or diatonic musical scale the octave 
comprises eight notes, hence the name (See Musical Interval ) 

OCULAR SPECTRUM When the eye has been steadily fixed for a short time on a 
bright coloured object, and is then suddenly turned away from it, an imago of the object in the 
complementaiy colour will be observed to be temporarily impressed upon the retina This image 
IB called the ocular spectrum (See Accidental Oolours } 

OHMAD , or, OHM (From Ohm, the propounder of tho law known by bis name ) A 
techmeal name for a certain amount of electnc resistance It is equal to the British Associa- 
tion milt of resistance, (See Hesistance, Units of, and Units, Electrical ) Thus practical electri- 
cians talk of a piece of cable having lO Ohmads, or more frequently 10 Ohms, of resistance 
meaning thereby that its resistance is equal to that of 10 B A units, or British Association units 
OHM'S LAW The numerical estimation of the value of any arrangement for the genera- 
tion of an electnc current is a matter of high practical importance, and the means of doing 
this IS furnished by the celebrated Law of Ohm given in 1827 The problem is the following — 
Given any number of electromotors, of specified kind and dimensions, such as a number of Bun- 
B or of Doniell’s cell^ and any number of specified condpetors, through which the electno 
^un^nt IB seait, to find the strength* of the current, that is, the quantity of electncity which 
nows through any section of the circuit in a given tune, and the law of Ohm states that tAs 

* “Inteulty" (rmfcnnl^ It Is called tr Fnnch miteis, and nsnolly by tronslaton of Itench books. 
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strength of the current is directly proportional to Qie whole eUctromotiw force in operation, and m 
versdy proportional to the sum 0/ the resistances in the circuit. Ohm deduced this law from 
theoretical considerations , it is most strictly in accordance with experimental results, which 
demonstrates theijustness of the hypothesis on which it is founded 

To make use of this law to best advantage, it is necessary to fix upon some consistent and 
convenient system of units by which the quantities mentioned above maybe measured, and may 
be numerically expressed This is done by the system drawn up by the,, committee appointed 
by the British Association to consider the standards of electrical resistance An account of the 
units in which electrical measurements are made will be found under UnitSf Electrical Let us 
consider the case of a single cell of a battery sending a current through a wire or other inter 
polar Let S denote the strength of the current, B the electromotive force of the cell, and E 
the whole resistance. Ohm’s law states that ■ 


or, if we choose our units anght, 


The electromotive force depends upon the nature of the materials used in the battery cell 
Thus the electromotive force of a cell of Bunsen differs from that of a cell of Daiuell The 
nature of the cell then rcmainmg the same, if we diminish the resistance we increase the cur 
rent, or if we increase the resistance we dimmish the current Now the resistance, as Olim 
first clearly pointed out, coniists of two parts, that within the cell or other electromotor, aiul 
that without Lc t 2 stand for the resistance of the liquid withm the cell, and vi for the resat 
ance of the wire or other interpolar , then 

E = 2 + w and S = 

2 + w 

Let U 8 now consider the case when several electromotors are used in conjunction to pass » 
current through a given interpolar resistance 10 , anrl, to simplify the matter, we shall assume 
what is generally the case that a numbor of cells of tbe same kind are made use of, and iv e ‘-hill 
call the electromotive force of each cell B, and the internal resistance of each I, as before 
According to Whin's law the strength of the current is proportional to the sum of all the electro 
motive forces divided by the sum of all tbe resistances , hence, if n be the number of ^ells used, 

S = 

+ w 

If the interpolar resistance 10 is very small compared with 2 the internal resistance of the cell 
whiph would be the case if the electrodes of the battery or cell are connected by a short thick 
copper wire, it may he neglected, and we get 

a wB E 


an expression the same as that for a single cell , and we see the reason of the fact that the enr 
rent in such a case is not increased by joining a number of cells m senes, that is, the platinum of 
the first to the zme of the second, and so on In fact, the electromotive force does almost all 
its work in sending the current through the circuit against the internal resistance of the cells, 
and though the electromotive force is increased by increasing the number of cells, the resistance 
IB also increased m the same proportion, and the strength of the current remains the same On 
the other hand, when the battery is used to send a current through a very great interpolar re- 
sistance, as is the case with a long telegraph line, the internal resistance of the cells may he 
neglected m compaxison with the external resistance Per a battery of n cells, then we have 

S = ^ 

w 

which shows that the strength of the current, as long as that is the case, increases directly with 
the number of cells used. 

Agam, suppose we alter the cells by making the plates larger, or, what Is the same 
suppose we associate a number of cells, so that all their zincs are joined together^and 
all the^latmuBis In this case we do not obtam a system whose electromotive force is PT® . 
than that of a smgle cell, but by mcreasmg the size of the plates we increase the section 01 tn 


cell, and thus dirnuush the resistance, which is inversely proportional to the section of the con 
(luctor The same is the case when we join a number of cells as we haveydesenbed 
Let m be the number of cells used, then J 

g ^ E _ WlE 

i + w « + mw 

m 


Thus, if w is small compared with Z, we increase the current by employing a largo number of 
cells Yet we do not obtain an unlimited increase m the strenrth of the current, for ulti- 
mately ma m the denominator becomes great compared with B, and the fraction becomes 

g _ mE _ E 
m.\a w 


Lastly, Ohm’s law shows us how, given a certain number of cells and a certain external 
resistance, to arrange our battery so as to produce the greatest current With a number of 
cells we may make a number of different combinations, each of which would give a different 
strength of curr'^nt when applied to a fixed mterpolar rcsist'ince Thus we might arrange them 
all m a senes, and this would be best, as we have seen, when tho mterpolar resi'it mco is very 
great, or we might couple tho zme to zinc and platinum to platinum, which would bo best with 
an extremely small mterpolar resistance , oi wo might couple sets of the zme to zinc and 
platinum to platmum and arrange these seta in senes Suppose we have n cells, and that we 
divide them into t seta having a cells in each, so that n = t s , then, accordmg to the principle 
we have laid down, the equation 


S = ^ ® 

8 


expresses the strength of the current m terms of the electromotive force E and the resistance 
2 that of a singlb cell, and w that of tho mterpolar conductors It is easy to prove from thu 
that S IS a maximum, that is to say, that the greatest current is obtained when 



that 18, when the whole internal resistance is equal to the external resistance. 


For example, 


give 2 ^ cells each with an internal resistance expressed by the number I2, it is required to 
arrange them most advantageously to send a current through a mterpolar resistance expressed by 
the number 36 If we Arrange them in systemB of 3 each and make the 9 systems to act m 
senes, we shall have 


_ 9 X 12 
» ' 3 


36 in which case S 


Ex 2 7 

9 X 12 + 3 X 36 


E 

'8 


It will be found on making the calculation that this is the greatest current that can be obtomed 
under the conditions given 

OIL. A general term applied to an immenso number of bodies which have certain physical 
properhes in common. They may be divided into two g^eat classes, fixed oils and volatile 
or essential oils Oils are almost all liquid at tho ordinary temperature, are more or less viscid, 
and insoluble m water They are inflammable either at the ordmary temperature or when 
heated The fixed oils are not volatile without decomposition Some of them oxidise when 
exposed to the air and dry to a caoutchouc-Iiko substance, whilst otliers are non-diying The 
essential oils are of a pecuhar pungent odour, distil without decomposition, and are very i nflamm* 
able. The foUowmg table gives the most important oils 


Drying 
Linseed oil. 


Poppy oiL 
Sunflower oiL 


^^Inqt oiL 
lubacco seed oil. 


CtesBBeedoiL 


Fixed Oils. 

Non-drying. 

Almond oil 
Beech nut oiL 
Castor oil 
Cotton seed oiL 
Colza oiL 


Non-drylLg 

Earth nut oil 
Oil of mustard. 
Bape seed oil. 
Sesame oiL 
Ohve oiL 
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Oil of 

Oil of beigainot. 
Gajeput oil 
Oil of carraway. 
Oil of cassia. 

Oil of cedar. 


EssxHTUii Oils. 

Oil of cloves 
Oil of lavender. 

Oil of lemon. 

Oil of mint. 

Oil of myrrh. 

Oil of neroli. 


Oil of nutmeg 
Oil of orange peel. 
Oil of peppermint 
Oil of rose 
Oil of thfme 
Oil of turpentine. 


OIL OF BITTER ALMONDS Sea Almonds, OU of Bitter. 

OIL OF TURPENTINE See Turpentine, Od of. 

OIL OF VITRIOL See Sulphur, Sulphuric Acid 

OLEFIANT GAS Known also as ethylene, hi carhuretted hydrogen, and Tieavy eaiiurettcd 
hydrc^en Is a colourless gas, odourless, and irrespirable Specific gravity o 9784. Formula 
GgH4 It is insoluble in water, sparingly soluble m alcohol, freely so in ether In chemical 
properties it acts as as a diatomic radical, uniting with chlorine, bromine, oxygen, sulphur, &.c , 
and forming ethers with the peroxides of vanous acid radices With the elements of two 
atoms of peroxide of hydrogen it forma the diatomic alcohol glycol (See Alcohols, Series of ) 

OLEIC ACID A fatty acid of the composition contmned in tallow, olive, and 

other oils , above 14° G ^ 57 ° liquid , below that, it is a white crystallme sohd It forms 

salts with bases , the oleate of sodium enters mto the composition of soap 

OPACITY {Opacitas ) That quality of a substance which causes it to be impervious to 
light The term is sometimes extended to the whole spectrum, thus we speak of nlum os being 
opaque to heat, and orange glass as being opaque to the actmic rays. Opacity is the opposite to 
transparency 

OPACITY OP TRANSPARENT MEDIA In the passage from one medium to another 
of a different refractive indox light is always reflected , and this reflection may be so often rc;, 
peated as to render a mixture of two transparent substances practically impervious to light 
The frequency of the reflections at the limitmg surfaces of air and water ren^rs/oam opaque , 
whilst the blackest clouds owe their gloom to this repeated reflection which dimaishes their 
transmitted light 

OPALESCENCE OF THE ATMOSPHERE Professor Roscoe has carried out an elabo- 
rate investigation on the opalescence of the atmosphere, and has thrown light upon the vexed 
question of the caure of the blue colour of the heavens, and the ruddy tints of sunrise and sun 
Bet {Proceedings of the Royal Institution, June i, 1866) Since the time of Leonanlo da 
Vinci, this subject has been a faiourite ground for the fbsplay of meteorological speculations 
Da Vinci, and, afterwards, Goethe, believed that the blueness of an unclouded sky was due to 
the passage of the white light through the atmosphere containing linely divided particles 
Newton explained the blue colour of the heavens by the existence in the atmosphere of very 
mmute hollow vesicles of water upon which, as on a soap bubble, the colours of thin plates 
become perceptible , and according as the thickness of the walls of these vesicles increased so 
would the colour change from blue to yellow, orange and red , and thus by very frequent refltc 
tions the various tints from sky-blue to sunset red could be explained Founded upon this 
theory Clausius has calculated the relative intensities of direct sunlight, and the diffuse reflected 
light of the sky for varymg altitudes of the sun Some physicists have assumed that the air 
itself has a blue colour, whilst others have admitted that if air be of a blue colour by refee'ed 
light, it should appear red by transmitted light Others again, m order to avoid the difliculty 
of explomiDg the great variety of sunset tints, have assumed these tmts to-be an ocular deceji- 
tion, caused by the presence of clouds which receive and repeat the colour Many physicists 
have suggested that the atmosphere being filled with small particles of floating sohd matter acts 
like an opalescent medium, and transmits only red light , but it is to BrUcke (Pogg Ann , vol 
Ixxxviu , p 363), that we are indebted for a complete statement and masterly investigation of 
this view of the subject Forbes again (“<?n the Colour of Steam under certain circumstances, 
and an the Colours of the Atmosphere” Edin Trans xiv , p 371, Phil Mag xiv xv 3d scr ) 
explams the phenomena in an entirely different manner , for he, havmg observed that under 
certain circumstances aqueous vapour, or rather water m finely divided particles, is able to ab- 
sorb the blue rays, and that the sun looked red when seen through a particular portion of a 
jet of escaping steam, attributes the sunset red solely to the presence of water in this peculiar 
state of division Dr Roscoe {Phd Trans 1865, p 605), has explamed the principles of a 
method by the apphcation of which we ore able to gam some knowl^ge of the dirtnbution 0 
the chemically active rays on the earth's surface and theu variation from tune to tune (sM 
Aetinometer , Dayhghl, Actinic Jntamty of). By comparing the mean mtensitiea for the snmm 
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and winter solstices, and the equinoxes, as measured at Manchester, it has been shown that the 
increase of chemical action from December to March u not nearly so great ns that from March 
to June This difference cannot be attnbuted to the common absorption exited by the atmos- 
phere, but may be explained as being the necessary consequence of a peculi^ absorptive action 
which the atmosphere effects upon the chemically active rays, and to which the name of opales- 
cence may be given The method adopted by Dr Koscoe consists simply in determining the 
chemical intensity of the total dayhght (snnlight and diffused light), and immediately after- 
wards shading off the sun’s direct rays by means of a small disc or sphere of metal whose appa- 
rent diaineter is only shghtly greater than that of the solar disc, seen from the position of the 
sensitive paper In this way the chemical mtensity of the toW (direct and diffused) light is 
compared with that given off by the whole of the heavens alone, and the difference gives the 
chemical intensity of the direct sunlight Experiment soon proved that the relative intensity 
of the actinic light coming directly from the sun is very much less than would be ordinarily 
supposed, judging from the intensity of the visible light , thus at Manchester it was found when 
the sun was 12° 3' above the horizon, that of 100 actinic rays falhng on the horizontal suiface 
less than 5 were due to the direct sunlight, whilst 95 came from the diffused light of the hea- 
vens, even wher the sky was unclouded , at the same instant, of 100 rays of visible light as 
affecting the ey , 60 came directly from the sun, and only 40 from the diffused skylight The 
explanation of this anomalous result is thus given by Dr lioscoc Let us take a very slightly 
milky liquid, such as water containing ^'^th gram of suspended sulphur in the gallon So slight 
IS the opalescence thus produced that we can scarcely detect it, nevertheless this minute trace 
of very finely divided sulphur is sufficient to cut off the chemically active rays We have hero 
an exact imitation of the condition of the atmosphere as regards the actinic rays Wc see that 
light of a high degree of refrangibility cannot pass through the water containing the finely 
divided sulphur, because it is reflected hack again by the particles of suljihur If the white 
beam of the electric lamp be passed through a tube 3 feet long fitted with glass plates at each 
end and filled with a scarcely visibly opalescent liquid, all the blue, green, and yellow rays will 
Jbe completely cut off and the emerging beam of hght is deep red If the visible light is dimin- 
ished to one third, by means of opalescent sulphur the chemically active rays are all together 
cut off In opd& glass we have perhaps a still better illustration of the action of minute parti- 
cles on rays of light The opalescence of the glass is caused by the presence of very minute 
particles of phosphate of lime or of arscnious aeid which are disseminated throughout the mass 
By reflected light this glass appears white, or bluish white, by transmitted light it appears 
orange If we place a bright source of white hght behind the glass we seo^hat the direct rays 
are red, whilst the general diffused hght reflected from the particles of the finely divided matter 
m the glass is bluish white So, too, the atmosphere is filled with particles which reflect the 
blue rays and transmit the red What the exact nature of these particles may be, it is hard to 
say We know, however, that the air is always filleil with minute solid bodies, as is evidenced 
by the germs which are'constantly present and cause fermentation and putrefactive decomposi- 
tion We see it also m the fact that soda can always be detected in the atmosphere by spec- 
trum analysis We notice these particles as motes dancing in the sunbeam, or In those grander 
paths of hght which sometimes shoot up into the sky from a setting sun The phenomenon 
may, perhaps, be caused by that finely divided extra terrestrial meteoric dust which is, accord- 
ing to many physicists, constantly falling through the atmosphere to the earth’s surface These 
solid particles in the air may produce the above effects, and certainly could produce them , but 
We must remember that small particles of water are also able to transmit only red rays, and 
that, as Forbes has shown, the glorious ruddy tints of the setting sun are doubtless partly caused 
by aqueous vapour The following tables give the results of observations by Dr Wolkoffat, 
Heidelberg , by Mr Baker at Kew , by Mr Eaxendell at Chcetham Hill , by Dr Boscoo at 
Owen's College , and by Mr Thorpe, at Para — 
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ChXTHAV HXLIb 



^^iber of Obssrvstloiit 

Mssn 

AUltads of 
Snn 

Intensltvot 

Bl^or 

dlffnaad 

Daylight. 

mteniltvot 

dlrsot 

Bunlight. 

XUtloofSns 

toBkjr 

Bkf. 

» 

Bun. 

Group I 

S 3 

*4 

msm 

064 

0 X 3 

0 187 

» s. 

aa 

aa 


091 

*0X0 

0 200 

.. 3. 

18 

»7 


X04 

oao 

0050 


Owzn'b Gouxsb. 



Number of Observatloos 

Metn 
Altitude of 
Bun 

T 

Intensity of 
Bky or > 
diffused 
Daylight 

Intensity of 
direct 
Sunlight 

Batlo of Snn 
to Sky 

Sky. 

Bun. 

Group 1 

33 

34 

17 * S' 

066 

007 

0 106 

„ s 

ao 

84 

90 38 

074 

008 

0 io 3 

» > 

4 

s 

54 *9 

140 

043 

0 308 


Kew. 



Number of Observations 

Mean 

Altitude of 
Sun 

Intensity of 
Sky or 
diffused 
Daylight 

Intensity of 
direct 
Sunlight 

Batlo of Snn 
toSl^ 

Bky 

Bun. 

Group I 

18 

x8 

xa'iS* 

006 s 

0 0 X 4 

0 813 

>, 9. 

8 

8 

9X 8 

0079 

0030 

e 410 

•> 3 - 

r 

2 

98 x 6 

0 104 

0 056 

0538 

4 

6 

0 

41 93 

0135 

0 X 07 

0799 




Faba. 



Number of Observations 

Mean 

Intensity of 
Blvor 

Intensity of 

Batio of Sun 


Bky. 

Bun. 

U 1 

Bun 

dlffosed 

Daylight 

Sunlight 

to Sky 

Group 1. 

ao 

80 

49*21' 

451 

x68 

379 

u 9 . 

95 

95 

09 49 

55 * 

977 
. ’ad? 

501 

>• 3 - 

95 

»5 

77 80 

’660 

404 


OPALS, OPTICAL PHENOMENA OF These hare been examined by Mr. Otodha 
{Proeeedingt Hu Soyal Socu^, 1869, p 448) When a ,good fieiy opal is examined^m day, 
son, 01 arafid^ light, it a^pean to emit vivid flashes of omnson, green, or blue hght, aeoordiiig 
to the angle at which the incident light falls, and the relative position of the opd and the 
observer ; for the direction of the path of the emitted beam bears no uniform relation to the 
angle of the fausdent light. Examined more cloady, the flashes of hght are seen to proceed 
from planes or surfaces of irregular dimensions inside the stone, at d^erent d^ths from the 
Borfsoe, and at a^ angles to each other. Occasionally a plane, emitting li^t of one colour, 
overly a plane emitting U^t of another colour, the two oolouis becoming altonately viable 
upon uiAt variatume of the angle of ^ stone , and sometimes a plane wiU be obeervw 
emits crasiBon light at^e end, c h a ng in g to orange^ yellow, green, Ac., until the other end m 
the tdane alilnes with a Uno light, the whole forming a woni&fulW beautiful solar speotnim m 
minweia. l%e ooloun an not due to the presence of any p^ment, but are hitofeienn 
odbara oamaed 1^ minute rtrlto or fisrares Ij^ing in different planes Hy ti y ‘ 
and ohaerving it from diffan^direotums, it is generally possihle to gik a poinioB m whh* " 

riMMnhodbloivwltatevar. iHewed by tnuunuttedliim opeb appear 
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tmupareiu^, and have a slight greenish-jellow or reddish tinge If an opal, \7hich emits a 
fine broad cnmsoii hght, is held fti front of the abt of a epeotroacope or spectrpm-microBcope at 
the proper angle, the light is generally seen to be purely homogeneous, and^ the spectrum 
that u visible is a bnlliimt lununous hne or band, varying somewhat in width, and more or less 
irregular m outhne, hut very sharp, and shmmg brightly on a perfectly black ground If now 
the source of light is moved, so as to shine into the spectrum apparatus through the opal, the 
above appearance is reversed, and we have a luminous spectrum with a ]et bliwk bond m the 
red, identical m position, form of outhne, and sharpness with the lummous band previously ob- 
served. If mste^ of movmg the first source of light (which gave the reflected luminous line 
in the red^, another source of light he used for obtaining the spectrum, the two appearances of a 
coloured line on a black ground, and a black line on a coloured ground, may be obtamed simul- 
taneously, and they will be seen to fit accurately Those parts of the opal which emit red light 
are therefore seen to be opaque to light of the same refrangibility as that which they emit , and 
upon examinmg, in the same manner, other opals which shine with green, yellow, or blue hght, 
the same appearances are observed, showing that this rule holds good m these cases also It is 
doubtless a general law, following of necessity the mode of production of the flashes of colour 
OPAQUf BODIES. INDICES OF REFRACTION OF As the index of refraction u 
the tangent of the angle of polarisation (see Polartstng Angle), if the polonsing angle is known, 
the mdex of refraction can be calculated In this manner it is possible to ascertain the mdices 
of refraction of many opaque bodies, auch os metals, provided the maximum polarising angle of 
tl^ body is known Under the hewing Metallic R^ection, the polarising angle of several such 
b^es is given, and from these data the followmg table may be calculated 


Nome of Substance 
Criain tin, 

Mercury, 

Galena, . . 

Iron pyrites, 

Gray cobalt, 
Speculum fiietal, . 
Antimony, melt^ 


Index of 
Befraetion 

4915 

4893 

4 773 
45” 

4309 

4011 

3844 


Kame of Substance 
Steel, . . . 

Bismuth, , 

Pure silver, . 

Zinc, 

Tin plate, hammered, 
Jewellers’ gold, 


Index of 
Berractlon. 

3732 

3689 

3271 
3 172 
2879 
2864 


OPERA-GLASS An opera-glass is a short achromatic telescope, arranged so os to give a 
low magnifying power (two or three diameters at most), together with os large a field and as 
much hght as possible The object-glass is of the ordinary achromatic tonstruction, but the 
eye-pece consists of a concave achromatic lens placed within the focus This prevents the in- 
version of objects An opera-glass usually consists of two barrels sido by side, one for each eye, 
provided with rackwork adjustment The telescope first used by Galileo was of this construc- 
tion (See Galilean Tdetcope ) 

OPHIUCHUS (4^(1, a serpent, and (xv, to hold The serpent-holder ) One of Ptolemy’s 
northern constellations, sometimes colled Serpentanus It is represented under the figure of a 
man grasping a serpent This consteUation is of great extent, and contains many remarkable 
double stars and other telescopic objects The star 70 Oi>hiuchi is a well known binary 
OPHTHALMOSCOPE (o^ffaX^os, the eye, and aKoirtu, to view ) An instrument for view- 
ing the mtenor of the eye Light is condensed into the eye by means of a concave mirror, 
through a small hole in the centre of which the observer examines the eye by means of a lens 
This 18 the simplest form , but ophthalmoscopes are now made much more complicated, their 
efficiency bemg increased by numerous adjustments 
OPIUM The dried juice of the capsules of the white poppy (papaver somm/erum) It is 
a somewhat hard, brown, resinous mass, of a peculiar taste and odour It is a very complex 
substance, of the highest mediem^ value, and contains several alkaloids, the most important of 
which are morphine and narceine, which see 

OPTIC AXES OP CRYSTALS Ciystals which possess the property of double refraction 
(see DouMe Prfmetion of Crystah) exert it m different degrees, according to the direction In 
winch the ray of light passes through them The direction along which there is no double re- 
fraction of the light iB called the optic axis of the raystaL Crystals belonging to the pjrramidU 
cod rhomhohedial systems have only one optio axis, and are therefore called umoziaZ. 
OiTBlals belonging to the prismatic, obuque, anoithic systems, have two optic axes, and are 
MasBial, The axes in crystals may be at any mchnation to one another, frcun a 

frw degrees to 90*. The relative position of the axes is altered by temperature, and somethnes 
WBriM acMding to the coloured light by which they ore examined 
T he following table of the more important biaxial crystals gives the inclioationn of tfadr 
aset to eadi other, (See &ooke^ NtOural Philotcphy, p. 686). 
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PBIHOIFAL Axia, FOSmTZ. 


Salphate of , 

Biborate of aoda^ . , 

Sulphate of batj^ 
Heulandite, 

Sodio Brdphate of magnesia 
BraziLan topaz, . , 

Sulphate of strontia, . 

Sulphate of lime, . . 

IT^itrate of edrer, . . 

Soottuh topaz, . . 

Sulphate of potash, . 

PotasBio tarteate of soda^ 


3“ to 48* 

28 V 

37v; 

41-40' 

46 V 

49- to SO* 

50- 0' 
6o“o' 
62-16' 


65-0' 

67-0' 

80-0' 


Pbinoipal Axis, Neqativb, 
Nitrate of potash, . , 

Carbonate of strontia, , 

Talc, 

Carbonate of lead, . . , 

Mica, some varieties, . 

Svilphate of magnesia, . 
Carbonate of ammonia, , 
Sulphate of zmc, . 

Sugar, 

Phosphate of soda, . . 

Tartrate of potash, . , . 

Tartanc amd, .... 


5 * 20 ' 

6-56' 

7 ° 24 ' 

loV 

i 4 °or 

37°24' 

43 ° 24 ' 

44 ° 28 ' 

50-0' 

S5°20' 

7I°20' 

79V 


OPTICAL PHENOMENA OF OPALS See Opals, Optical PAmomena of. 

OPTICAL SACCHAROMETEB. See Sacckarometer, Optical 

OPTICS {orrtKot, or, root of oroo/uu, future of dpaic, to see ) The science irhich treats 
of the phenomena of bght with respect to vision 

OKDIT {Orbita, a ■wheel track ) In astronomy, the path followed by any celestial body 
(See Planets, Stars, Double, Lunar Theory , Keplman System, See 

ORCEINE An unciystallisable colouring matter contained m commercial archil It 13 
prepared from orem by the action of ammonia and atmospheric oxygen It is slightly soluble 
inirater and very soluble in alcohol, formmg a deep scarlet solution. Formula C 7 H 7 NO 3 
It is sometimes known as lichen-red 

ORDINARY AND EXTRAORDINARY RAY OF LIGHT When a ray of common 
light passes through a rhombohedron of calcspar, it is divided into two oppositely polarised 
rays , the one which is refracted in accordance -with the general law for transparent media, is 
called the ordinary ray, whilst that which is refracted so as to form a greater angle with th^ 
axis than the ordmary ray is called the extraordinary ray 

ORE (Danish, aare, a vein ) Natural compounds of metals with the non-metallic elements, 
chiefly oxygen or sulphur, are called ores of the metals When the metals occur by them- 
selves, or alloyed with other metals, they are said to be native Sometimes the mmeral in 
which the metal or other valuable substance is found is called the ore , thus we hear of diamond 
ore, sulphur ore, ^ In such cases, the term matnx would be more appropriate Iron 
pyrites (native sulphide of iron), which is so largely used as a source of sulphur, is now called 
sulphur ore 

ORGAN {6pyavov, an instrument ) In music a collection of wmd instruments so attached 
to a key-board that they may be played by the fingers of a smgle perfprmer The organ was 
invents at an early period, and is attributed to Gtesibius, a barber of Alexandria Vitruvius 
mentions an organ which was blown by the fall of water , St Jerome desenbes one with twelve 
pair of bellows, which could be heard at a distance of a thousand paces, and of another at 
Jerusalem, which could be heard on the Mount of Olives 

Large organs consist of several rows of pipes, with the same series of notes in each When 
a key is pressed down by the finger, a valve opens and allows air from the bellows to pass 
through an aperture in the soUnd-board into a passage commumcating with the pipes in each 
TOW of the same pitch By means of stops usually placed at the side of the organ key board, 
and attached to registers or shdes in this passage, as many of these rows as are required may 
be opened so as to play when the air is dnven mto the passage By pushing in the stops, the 
coixespondmg rows are closed Organ pipes either have a vibrating metaUio tongue, or simply 
an aperture with a cross lip to cut the air and set it in vibration The former are termed 
reed pipes, and the latter flute pipes. The pitch of a reed pipe depends on the length and 
'thickness of the tongue, the shape and length of the pipe givmg the quality to the note , while 
the pitch of a flute pipe depends on its length only The pipes are usually made either of 
wood or of pewter, e e , lead mixed ■with a small proportion of tin. The wooden pipes ore usually 
square, and the metallio ones cyhndncal The usual compass of a large organ is octavM 
played from the key-board, and 2 ^ octaves m the pedal-organ played ky the feet. A swell 
organ is one which is inclosed m a box with shutters, which may lie opened or dosed so as to 
give a swelling effect to the sound 

ORGAN PIPES The “ Pandean Pipes" form an instrument which Dlustratw tte 
aimplMt form of the -wind organ If a tube closed at one end be hdd with its dosed end down- 
wards, its open end pres^ agamst the under lip, and if air be farced across the open eu^ 
a note can be prodnoed whidh u mnller the shorter the tube. The Pandean ^ ^ 



of euch tubes bound together, along the open ends of which the mouth is ^sed , the tubes 
vary in length and diameter, and are of such dimensions that the notes prodimed form a gamut 
or musical scale In the organ pipe the aif is forced into a sort of box or mouthpiece, and 
escapes therefrom into the air through a narrow slit at the top of the box The pipe fits on to 
the end of this box. The side of the pipe near the sht is depressed inwards, and slightly cut 
away, so that the sharp edge of the depressed portion is mst above the sht m the mouthpiece 
'V^en air is forced mto the mouthpiece, the current is spht upon the sharp edge of the pipe ; 
and as it escapes Into the air, it causes waves to be established in the pipe The number of 
vibrations produced per second depends upon (i) the length of the ppo , (2) whether it is closed 
or open at the end , (3) upon its depth, that u, the distance from the front to the bock, suppos- 
ing the sht to be in the front The width of the pipe is without e£ect upon the pitch of the 
note, but affects the loudness If we supmse the pipe to give its fundamental note, the length 
of the ppe, if closed at the end, must be ^ of the wave-length of the note. (See Wave-length.) 
In an open organ pipe the length of the pipe is 4 the wave-length. By diminishing the size of 
the slit, or increasing the rapi&ty of the air current, the hormomcs of these notes con be formed 
It follows that if two oigan pipes, otherwise ahka and treated ahke, give the same note — one 
being closed and the other open — the open pipe is twice as long as the closed one In order to 
ascertam experimentally the condition of the air as to the position of its loops and nodes, that 
13 , points of rest and regions of greatest amphtude when the pipe is soundmg its fundamental 
note or its harmonics, a httle tambourine of thm stiff paper may be raised and depressed as 
the pipe is sounded Thus, in a closed pipe, the agitation is found to be greatest at the mouth- 
piece, and to dimmish gradually to the closed end where there is a node In an open pipe the 
end of the tube, the mouthpece and the centre, are found to be loops or regions of greatest 
amplitude of vibration, while two nodes are found at the distance of 4 and | from tho mouthpiece. 

ORGANIO FAMILIES, SEEIES OF. Accordmg to Dr. Odhng — 


Monatomic Aleohols. 

Uonatomlo Acids 

Diatomic Adda 

(C H.OMethyho 

C Hg 0 , Formic. 

_ 

Cg Hg 0 Ethyhc 

Cg H. Og Acetic. 

Cg Hg O4 Oxalic. 

Cg Hg 0 Fropyhe. 

Cg Hg Og Propionic. 

Cg H. O4 Malonio 

Cg H^gO Butylic 

O4 Hg Og Butync. 

C4 Hg O4 Succmio 

Cg HjgO Amyhc. 

Cg HioOg Voleno. 

Cg Hg O4 Pyrotartiio. 

Cg HjgO Hexyhc, 

Cg HjgO, Caproic. 

Cg lljoOg Adipic 

C7 HjgO Anthyho. 

C7 HjgOg (Enanthic. 

C7 HigOg Fimelic 

Cg A^gO Octyhc 

Cg HjgOg Thetic. 

Cg Hjgflg Snbenc 

Cg HggO Nonylic. 

C, HjgOj Pelargio. 

Cg HjgOg Ancboic, 

— 

CipH^Og Rutio 

CggHggOg Sebamo. 


C|,H,gOg Euodic. 


S CijHggO Lauiylic. 

CjgHggOg Launc. 


N — 

C]gH,gOg Cocimc. 



CigHggOg Mynstio. 


_ 

OjgHgpOg Benic 


CijHggO Cetylia 

C^gHggOg Falmitio. 


— 

GjHggO, Marganc. 



— CigHsgOs Stcanc 

■ ^3alenic. 

— C^H^oOg Arachidic. 

— C,iH4aOg Nardic. 

CgfUggO Coiyho. Gerotic 

Melylic. CgoHjjOg Melissio, 



' Cg Hg O Anilic. 

Hg 0 Beii:^ho. 
■ Cg HijO Xylyho. 
Og H^O B^yho. 

- CijHjgO Cymyhe. 


Og H4 Oj Colhc 
Cj Hg Og Benzoic. 
Cg Hg Og Tolmc 
Cg HigOg Deltic 
CigHggOg Cuminla 


ORIENTAL AMETHYST. See Muminitm. 


Cg Hg Oj Fhthalio. 

Cg Hg O4 Inaolmic, (t) 


ORIENTAL TOPAZ See Aluminium. 

ORION One of Ptolemy’s constellations. The celestial equator divides this oonstellatlaB 
Into ieffi nearly equal porbons It is, beyond question, the hnest osteiism in the heavens. 
Independentiy of the bright orbs which render it an object of admiration to all,^t u distm- 
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their observation!^ Its two leading orbs, Betelgenx and Rigel, are each remarkable, the fonner 
as one of the most perplexing variables m the heavens (see Stars, Variable), the latter as a fine 
double. The central star of the belt (Epsilon) w involved in nebulosity, and rpcognised as a 
variable. The lowest star of the sword (Iota) is also involved in nebulosity But more mte- 
restiDg than either of these objects, or than any of the double, triple, and multiple stars with 
which the constellation abounds, is the wonderful nebula which surrounds the middle star 
(Theta) of the sword This amazing nebula has, perhaps, attracted more attention among tele- 
BCimists than any other object m the heavens (See Nebubae.) 

ORFIMENT. See Arsenic, Sulphides of. 

ORRERY A machine for showing the motions of the planets, satellites, &o As Sir John 
Herschel has well remarked,, orreries are “ very childish toys ” 

OSCILLATION, CENTRE OF {OsaU^w, from osciUum, a swing.) A point m a pen- 
dulum such that, if all the weight of the pendulum were concentrated at the point, and the 
latter rigidly coimected with the centre of suspension of the pendulum, the osciUations would be 
performed m the same time as before It is the distance of the centre of oscillation from tho 
centre of suspension which has to be considered as the length of the pendulum in all mathe- 
matical calculations (See Pendulum ) 

OSCILLATIONS, COEXISTENCE OF SMALL The motion of any system of bodies 
may always be supposed to be made up of a number of simultaneous oscillations analogous to 
those of a simple pendulum, each of which is called a simple oscillation We can determme 
the motion of the system from general laws if we know the conditions under which it exists at 
some particular instant of tunc The entire motion of a body is made up of all the smiplo 
osdUations of which its particles arc capable under the existing conditions When the penuds 
of the simple oscillations are commensurable, the whole system will return to the same state m 
an mterval of time equal to the least common multiple of these periods. (See Lagrange’s 
Micanique Analytique ) 

OSMIRIDlUM See Irtdosmium 

OSMIUM (ocr/ii), odour ) An element associated with platmum, usually considered to be 
a metal, but possessing properties which have led many persons to consider it a metalloid 
Symbol, Os , atomic weight, 199 , specific gravity, 21 4 It usually occurs alloyed with 
indium, in the form of metalhc looking white grains, called omtrtdium or tndosmtne It is 
the most infusible of all metals, as it does not melt at the temperature at which platinum is a 
gas In the densest state m which it has been obtained it is a bluish white, rather spongy, 
metalhc mass, whiclT will scratch glass In the pulverulent state it is very combustible, 
forming osmic acid The some oxide is also formed when the compact metal is heated m thu 
air to r^ness The only compound which we need mention is the tetroxide, known as 

Osmic Acid (OsO^) This is a beautiful crystalhne substance whic(i melts to a colourlcbs 
hquid below the boihng point of water, and boils and volatihses a bttle above that temperature 
It dissolves m water and also in alkalies, but it does not appear to form defimte compounds 
with them 

OSMOSE (wepos, impulsion ) A word used to express the phenomena attending the pas 
Bilge of hquids through a porous septum , it mcludes endosmose and exomose, terms which are 
now seldom used When two saline solutions, differmg m strength and composition, are sepa 
rated by a porous diaphragm or septum of bidder, parchment paper, or porous earthenware, 
they mutually pass through and mix with each other , but they pass with unequal rapidities, so 
that, after a time, the height of the liquid on each side is different By placmg pure water on 
one Bide of the septum, and the sahne solution on the other, the rate of osmose can be ascer- 
tamed fOr any particular salt The following table gives the osmose of one per cent solutions 
through membrane, each degree bemg a nse ox fall of i millimetre (Graham, Phil Trans , 
*8SS. P ? 77 ) „ 


Oxalic acid. 

Hydrochloric acid (o I p 
Terchlonde of gold. 
Stannic chloride, , 
Platinio chloride. 
Chloride of ma^esium, 
Chloride of sodium, 
Chloride of potassium. 
Nitrate of sodium, . 
Nitrate of^ver, 
Sulphate or pota^um, 
Balphate of magnesium, 


• 


—148 

cent), 


- 92 



- S 4 



-46 



- 30 



- 3 



+ 2 



18 



22 



34 



21 to 60 



14 


Chloride of calcium, 
Chloride of banum, 
Chloride of strontium. 
Chloride of cobalt, . 
Chloride of manganese, 
Chlonde of zme. 
Chloride of nickd, . 
Nitrate of lead. 

Nitrate of cadmium. 
Nitrate of uranium, 
Nitrate of copper, . 
Chlonde of copper, , 


12S to 211 
137 

2’5t to 458 
204 

3 S‘ 



OXA 
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gtaimooB chloride, 
1*0170113 ohlonde^ 
MoFcunc chlorid^ 
Mercmoiis nitrate, 
Merouno mtrat^ 


+ 289 

435 

121 



OXY 


Feme acetate, 

Acetate of aluminium. 
Chloride of alumimum, 
Phosphate of sodium. 
Carbonate of potassium, 



+ 194 

280 to 393 


540 

436 


(See also Dtalyeis ) 

OXALIC ACID. A white ciystalline body of the composition CgHjO^ 2lTjjO, which fre- 
quently occurs m the vegetable kingdom. It may be prepared artificially by the o«dation of 
sugar, saw-dust, and many other organic substances. At about the boiling point of water it 
mrits, and at a higher temperature sublimes, with partial decomposition It dissolves readily 
in water, fonmng a powerfully acid solution , it unites with bases forming neutral and acid 
salts In the laboratory it is used as a test for calcium, as this oxalate is quite insoluble in 
water 

Alkaline oxalates are soluble, but most others are insoluble, or difficultly soluble With 
many metalhc solutions oxalic acid acts as a reducing agent , under its influence gold and 
platmum ore reduced to the metallic state, and per salts of mercury, iron, &c , .me reduced to 
protosalts The bmoxalate of potassium (CgHEO^) is frequently used in the aits It is called 
aalt of tvrrd 

OXAMIDE A light white powder insoluble in cold water and alcohol, but soluble in 
boding water , neutral to test paper It is obtained as a precipitate by adding ammonia to 
oxahe ether, and as a sublimate by the dry distillation of oxadato of ommoma Its composition 
IS CjH^NgOg Oxamide is the simplest term of a senes of oxamides containing alcohol radicals 
OXIDATION See Oxygen 
OXIDE See Oxygen 
OXYOALCIUM LIGHT See Lime Light 
OXYGOAL-GAS LIGHT See Lime Lvjht 

OXYGEN acid , and yevdem, to produce ) The most abundant of all the elements 

It IS a permanent gas, and exists as such m the free state in the atmosphcio, being there 
mechanically mixed with mtrogen and small quantities of other bodies (See Atmosphere ) Oxygen, 
in chemical combination, constitutes more than one half of the earth’s crust, and is present in 
water to the extent of eight ninths of the total weight Oxygen was discovered by Piicstlcy 
in 1774 Atomic weight 16 Symbol O Specific gravity 1 1056 The nomo was given to it 
under the impression that it was a necessary constituent of all acids Oxygen gas may be 
obtained m a vanety of different ways , that most usually adopted in iSboratones being to heat 
chlorate of potash (nuxed with a little binoxide of manganese) to redness in a tubo or retort, 
when the gas is freely evolved In the pure state oxygen is colourless, tiarasjiarcnt, inodorous, 
and very slightly heavier than atmospheric air Water dissolves it to the extent of 3 per cent 
by bulk The chentical affinities of oxygen are very intense, and with the exception of fluoime. 
It will enter mto combmation with every clement In many cases the act of combination is 
attended with a brilliant exhibition of heat and light , the combustion of phosphorus, charcoal, 
or iron in oxygen constitutes a bnlhant lecture experiment In the compact sohd state few 
metals are acted upon by pure dry oxygen at the common temperature Even sodium remains 
bright m it, but moisture promotes combinaiion, and in some instances tbe oxidation gradually 
eats through the whole mass, a familiar instance of which is seen m the case of iron, which, 
when freely exposed to the air, is gradually eaten away and converted into red rust, or ses- 
quioxide of iron Oxygen is said to be the great supporter of combustion, and is itself incom- 
bustible , but these expressions are only relative, for a jet of oxygen gas will bum in on atmos- 
phere of hydrogen or coal gas just as readily as a jet of the latter will bum in an atmosphere 
of oxygen It intensifies the combustion of any ordinary combustible substance m a very high 
degree A splinter of wood, or a taper which has been ignited and then blou n out so os to 
leave only a smouldenng red spark at the tip, instantly bursts into flame when introduced into 
o^gen gas The chemical action of the atmosphere is chiefly due to the oxygen which it con- 
tarns (See Atmosphere ) The combinations of oxygen ore called oxides generally, special names 
And terminations being given for the sake of distinction Its combinations with the metals are 
for the most part formed on the type of one or more atoms of water (HgO), and are called 
hydrates when containing hydrogen Thus, oxide of potassium EgO corresponds to HgO, and 
the intermediate compound XHO is termed hydrate of potaasium, Bonum forms an oxide on 
the type of the double water atom H^Og , thus wo have hydrate of barium Ba"HgOg, and oxide 
of bonum Ba"gOg On the type of three water atoms, /HgOg, we have alumimum, the hydrate of 
whifihdB Al"'HgOj , the oxide bemg Al" gOg On the quadruple water type HgOg we have 

hydrate of tin (stannic hydrate) HgSn'^Og , the oxide (unxmown in this case) wouM be Sn'^gO^. 
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On the five atom ^ater typo HmOg we have pentoxide of bismuth BrgOg The inpfoii ,v 
non metalhc oxideanre described m detail under the heading of the respective elements The 
substance called ozone is now generally considered to be oxygen in an aUotropic condition 
(See Ozone ) 

OXYGEN, TRI-, AND TETRA-, ACIDS According to Dr Odling — 


Formula. 
HClOg 
HBpO, 
HI O, 
HN Oa 
HP O3 

HaS O3 
HjSe O3 
H/l'eOa 
H,V O3 
HjC O3 
H3S1 O3 
Hj,Sn O3 
H,Ti O3 
HaTaOj 

HjP O3 
H3A8O3 

H,SbOj 
H,BiOj 
H,B O, 


Trl-oxacld. 

Chlonc, 

Bromic. 

Iodic 

Nitnc 

Metaphosphic. 

Sulphurous, 

SeleniouB, 

Tellurous 

Vanadous. 

Carbonic 

Metasilicic, 

Stannic, 

Titanic 

Tantalic. 

Phosphorous 
Arsenious 
Antimonious 
Bismuth ous (’) 
Boracic 


Formula 

H Cl O4 
H Ti 0 , 
HMnO* 

HjS O4 
HjSe O4 
HjTe O4 
HjMo 04 

H,V O4 

HjW O4 
HsCrs04 
H3M;n04 
HjFe O4 

H3N O4 
HaP O4 
H,Ab O4 
HaSb O4 

H4C O4 
H4S1 O4 


Tetro-oxacld, 

Perchlonc 

Penodic 

Permanganic 

Sulphuric. 

Selonic. 

Telluric 

Molybdic. 

Vanadic 

Tungstic, 

Chromic 

Manganic 

Ferric 

Orthomtric 

Phosphoric 

Arsenic 

Antimonic 

Orthocarbonu 

Silicic 


OXYGEN, SPECTRUM OF The spectrum of oxygen, viewed either from .1 Geisslu s 
tube or from the sparks of an induction coil passing through oxygen gas at ordm^uy density, 
consists of a multitude of luminous bands or Imes scattered over all parts of the spectniii 
Plucker has found that oxygen, like nitrogen, gives spectra of the first, and of tho second order 
according to the temperature of the spaik (See Spectra of the Pint Order, and Spect) a of the 
Second Order ) 

OHYHYDROGENiBLOWPIPE When a jet of mixed oxygen and hydrogen gases in 
tho proportion to form water, is forcibly blown thiuugh a blowpipe nozzle and ignited, a short 
colourless flame is produced which has a most intense heating pow or, and in which a thick 
platinum wire will melt like wax in a caudle, and «arths such as hme, magnesia, or zircoiua 
are raised to intcnho incandescence Owing to the danger of exjilosion in case the flame should 
run back through the jet and communicate with the reservoir of mixed gases, the oxygen and 
hydrogen are now usually kept m different reservoirs and only allowed to mix at tile jet 

OXYHYDROGEN LIGHT See Lime Lv/ht 

OZONE (fifeip, a scent ) This is supposed to be an allotropic condition of oxygen, but re 
searches on this subject hare not yet settled its composition with accuracy, the most recent 
experiments appeanng to show that it consists of a triple atom of oxygen condensed into one, 
although, accoiding to Williamson and Baumert, it is a tri oxide of hydrogen (HsOj) It c-in 
be prepared by placing sticks of clean phosphorus in a bottle of oxygen and half covering them 
with water, or by passing the silent electnc discharge through oxygen gas It may also be 
prepared by the electrolysis of water and other processes, but by none of these can it be obtained 
pure, as it is always diluted with a great excess of ordinary oxygen As far as its properties 
have been ascertained ozone is a powerful oxidising agent It attacks and oxidises at the 
ordinary temperature most vegetable colours, black sulphide of lead, and the metals, mercury, 
silver, copper, &c Its action on some metalhc peroxides and peroxide of hydrogen is somewhat 
curious, as in these cases it acts as a reducing agent, giving off oxygen both from the peroxide 
and from itself, as shown in the following hypothetical equation which represents its action on 
peroxide of hydrogen — 

— + — +“+ — + + — 

000 + Ha 00=200 + HjO 

Ozone was discovered and has been principally exammed by Schonbeln. He considered it to 
be permanently negative oxygen O, and viewed common oxygen as resultmg from the qjuon of 

t — + 

ozone and a positive oxygen which he called antozone, thus O O. 
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PALLADIUM A metallic element belonging to the platinum gioiip, dibcoi cred by Wol- 
laston in 1803 Atomic weight 126 Symbol Pd It is a white, iiiallcabk, and ductile 
metal Spccifac gravity ii 4 It melts at a lower temperature than platinum, bceiiimng to 
fuse at the highest temperature of a wind furnace It oxidises superficially wlicn hcat< d to below 
redness in the air, but is reduced again at a higher temperature It is soluble in nitric acid It 
\ias formerly much used for making the graduated circles of astronomical instruments, is it h.is 
nearly the whiteness of silver, and does not tarnish Tlie most remnrkahle propeity of p ilhuliuin 
IS its power of condensing hydrogen in its pores, a solid lump of pallatliiiiii, being cijiahlc of 
absorbing no less than g6o times its bulk of hydrogen gas Graham, to uhuui this discovery is 
due, considcied this combination to be an alloy of palladium, and hydrogen condensed to the 
metallic state, or Hydnigeniuin (See Hijdioijeumm ) 

PALTjAS An asteroid, discovered by Gibers (See ilsfc? otefs ) 

PAMPERO A wind blowing across the Pampas of Buenos Ayres towards the sea coast 
PANCltAlIC EYE PIECE (iraj'.all, xparot, strength ) An eye piece capable of lulj us t- 
ment so as to <A>tam a variable niaginfyiiig power (See A’l/c y/erw ) 

PANCREATIN The active principle of the pancreatic fluid It is a mtiogenous organic 
substance which has the property of einulaifjing oil and fat and rcnileimg them ripablc of 
absorption, and it also dissolves starch by convertmg it into glucose It is a powcitul agent of 
digestion (See Av>mal Nutrition ) 

PAPIN’S DIGESTER This apparatus was invented m the seventeenth centmy by Denys 
rajiin, a Ficnch physician, and consists of a stiong iron boiler providid with a nuivciblc cover, 
uliich IS capable of being screwed down <aii tight, and is piovidcd with a safi ty valve Wato. 
is placed m the vessel and heat applied, the couf.cqncnco is that the witci bciomcs super- 
heated far above the ordinaiy boiling iKunt as the pressure incroases By logul itiiig the s vfety- 
valvo any desifcil pressure can be obtained, ami the pressure being known, tlic tempeiature is 
also known , thus, if the pressure bo 1 2 atniosplici cs the temperature of tlic w vtv r vvi 1 1 lie ^74“ E , 
and if 24 atraosiihercs 43556° F (Sec tlic Table given umlcr tlio head of Luipoialioii ) 
I’vpin employed the digester chiefly for extracting the gelatine fioin boms, whieli is far more 
oifjly dissolved by water at a high teinperaturo than at tho ordinaiy boihng It can 

obviously be used for any purpose of digestion or solution ^ 

M ('agniord de la Tour baa found that at a temperature of 773° F water 110 longer remains 
fluid although submitted to the enormous picssuic which results from this ti injiirnture At a 
CLitain temperature all liquids probably assume the gaseous condition 111 spiU oi Ihe piessurc of 
tlicir own vajiour , thqs, at 497 7° F alcohol beeoincs gaseous, although existing uudti a press- 
ure of 119 atmospheres, and ether becomes gaseous at 369 5° F undei a pressuie of 37 ^ atmos- 
plicres (See also Eiaporation ) 

PA R ABOLIC MIRROR A concave mirror of silv cred glass or speculum metal, the surfaco 
of which is worked to a parabolic curve so ns to be free from sphene il abenation 'I'ho reflect- 
ing mirrors of astronomical telcscopi s are always ground and polished to this curvatuio Tlio 
production of a true ponbohe reflecting surfac” is one of the most dilFieult arts of the optician, 
but it has been overcome with rare skill by Lord Rosse, Mr 1- issell, Sir \V Htisehcl, and more 
recently by Mr Grubb (See Nichol's Physiad Sciences, aiticle “ Sjieiulum," also Mr Grubb 3 
paper on “The Great Melbourne Telescope,” Phil Tiaiis , 1869, fiait 1, page 127 ) 
PARABOLIC LENS (irapa/3oXij, irapa/SaXXw, to compare , irapa, beside, and PaWw, to 
throw ) A lens ground to a parabohe surface is free from spherical aberration, hut the diflieultiea 
of grinding this are so great that these lenses are not made Spherical aberration may be uvei- 
eome by other means (See Aben ation, S^diertcal ) 

PARACENTRIC MOTION When a body is travelling around a centre the resolved part 
of tho body’s motion m the direction of the centre, that is, the part of its motion by which its 
distance from that centre is diminishing or increasing, is called its pin aruUi ic motion 
PARAFFIN (Parum, little , affints, aflinity ) There are several substances known m 
commerce under this name It is usually applied to a white, solid, translucent substance, free 
from odour and taste, somewhat crystallme in texture, of speeillc gravity about o 87, melting at 
about 50“ C (122° F ), and volatilismg at a high temperature It is but slightly acted on by 
Magents, hence its name Its chemical composition is most probably that of a mixture of 
several ^dndcs of the higher alcohols — such as eerotene jr cerotio hydride (C'j7H5,;), mclene or 
mehmc %dnde (Ca^Hj,) — the lowest of this senes being marsh gas, methyhc hydride (CH^) 
Alcoholic hydrides, as they get lower in the senes, become liquid at the common temperature, 
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and are then k^wn as paraffin oil Paraffin is obtained m enormoua quantities in the dry 
tillation of wood, coal, bituminous shale, petroleum, peat, and lignite 
PARAFFIN OIL See Paraffin 

PARALLACTIC INEQUALITY, MOON’S See Lunar Theory 
PARALLAX. (irajoaXdffffw, to shift place ) In astronomy, the apparent change of place of 
a celestial object which would be caused by an apparent change in the observer’s position Thus 
if an observer at a given station sees a celestial object at one point of the heavens, while an 
observer, supposed to be at the earth’s centre, would see it at another point, the arc between 
those two points on the celestial sphere is called the diurnal paraUax of the body, boeauso as 
the earth rotates on her axis, the value of the arc would change On the other hand, if a hied 
star IS seen at a given point on the heavens, while, as supposed to be seen from the sun's centre 
it would be at another point, the arc between those points is called the stai's annual paiullax 
because it will vary in value as the earth travels round the sun ’ 

A moment’s consideration will show that the diurnal parallax of a heavenly body, vioucd 
from a given station, wiU attain its maximum value when the body is on the horwon This 
maximum value is called the horizontal paraUax of the body Further, the horizontal parallax 
will cleaily be greatest at the equator The horizontal parallax of a heavenly body, as sLen 
from the equator, is called the body’s equatorial horizontal paraUax 

The moon’s mean equatorial horizontal parallax is 57* 4 t7"> *nd therefore, though mimitc, 
admits of being readily measured It is not so with the sun, however, whose mean equatorial 
horizontal parallax is somewhat less than 9 " It is on this account that the determiii itioii of 
the sun’s distance is so difficult a problem (See SiiiCs Distance ) 

The annual paraUax of the fixed stars is even more minute, and has, in fact, only been deter 
mined in the case of one or two stars (See Stars ) 

PARALLEL FORCES Composition of Forces 

PARALLEL LINE POSITION MICROMETER This is similar to the spider thi cal 
micrometer, only there are two spider threads, each of which traverses the field of view, and is 
moved by a separate screw and graduated milled head A position circle is sometimes attached 
tort (See Miciometer Fye-piere) , 

PARALLEL MO'PION In the steam engme, a contrivance for changing a reciprocating 
circular motion into a reciprocating rectihneid motion There are several kinds of parallel 
motion, the most noted being that invented by Watt, and called by his name It consists of 
a combination of jointed rods, by means of which the rectilineal motion of the piston rod iniy 
produce the oscillatiqp of the beam of the engine Let A denote the end of the beam to vvliu h 
the piston rod is attached, and let us suppose it to be on the right As the beam oscilhtis 
about a fixed centre, its extremity, A, describes a circular arc , hence, if the piston rod v/eic 
attached directly to the beam, it would ho e'^posed to a strain alternately towards the right and 
left, which would interfere with the efficient working of the engine The object of the parilkl 
motion IS to prevent this lateral atiam on the piston Let B be a point in the beam near to 
the extremity A , two equal rods arc attached by joints to A and B, and their extremities iro 
jointed to another rod C J), equal in length to A B Thus, A B C D is a jointed parilldogi un 
The point 1) is connected with the piston-rod Another rod, C E suppose, has one end attached 
to the joint C, and the other to a fixed point E, as nearly as possible in the plane of the paral 
lelogrom, and outside it Now, tho joints A and B play in arcs, the centre of which is the 
middle point of the beam , consequently their convexity is presented to tho right Tlio joint C, 
or linh, as it is called, moves upon the fixed centre E, and, consequently, plays in an arc w hoi^e 
convexity is presented to the left— that is, contrary to the former While the point A throivs 
the upper end of the link A D to the right, m consequence of the convexity of its play being on 
that side, the point C throws the end C of the rod C D to the left The action of the first on 
the point D will tend to move it to the right, and the action of the second motion on the point U 
will tend to move it to the left Now, the proportion of the lengths of the rods is so nicely iul 
justed, that the effect of the rod C E in throwing the point D to the left is exactly equal to tho 
effect of the beam in throwing it to the right , and the result of this mutual compensation w, 
that the point D, to which the end of the piston-rod is jointed, is thrown neither to the right 
nor to the left, but is moved upwards and downwards in a straight bne The utility of the 
motion therefore depends on the fact that, if the two upper angles of a jomted parallel ogram 
describe arcs about the same centie, and one of the lower angles describes an arc having d'’ 
convexity opposite to the first, the fourth angular point will move nearly in a straight line The 
whole lino traced out by this point is really a very elongated letter 8 , termed m geometry a 
lemniscate In Watt’s parallelogram, the motion of the parts is, however, restnet^d withm 
such limits as will make the motion of the fourth point differ insensibly from a straight I*”** . 
White’s' panJlel motion oonsists of two spur wheels, one of which rc^ withm the other, the 
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iljameter of the smaller being half that of the latter It may be proved by geometnral reason- 
ing, that if a circle be made to roll within another circle of twice its radinn, a point in the cir- 
ciiinference of the smaller circle traces out a straight line, which is a di iinctcr of the larger 
circle , hence, if the end of a piston rod be attached to a point in the intcli circle of White’s 
6 m<aller wheel or pinion as the wheel i evolves, the lod will move m a stiaight line 

PAllALTiELOGRARl OF FORCES The principle that when two forces are represented 
in nagnitudo and direction by two adjacent sides of a parallelogrxun, the result iiit is rt pTisentcd 
ill magnitude and direction by the diagonal of the parallelogram passing through the point of 
application of the forces (See Cmnpositmn of Fotees ) 

PARALTjEIjOGRAM of velocities The principle of the composition of iclo- 
cities If two velocities imparted simultaneously to a jiiirticle be represented in magmtiule 
and direction by tivo adjacent sides of a parallelogram, the resultant velocity will be repre- 
bbiited 111 magnitude and direction by the diagonal of this parallelogram drawn through the 
paitulc 

I’ARALLELOPIPED OF FORCES A deduction from the parallelogram of forces, stat- 
ing that if thn e forces acting on a point be represented in magnitude and direction by the three 
sides of a paradclojiipt d, their n siiltaiit will be rcjiri sented in ni ignitudc and ibrci tioii by the 
diagonal of the parallclopipcd thnnigh the point of appliiation ]''or the resultant of two of the 
forces IS repiesented by the diigonal of that fate of the |).ai inelojnjKd, of whnh they form the 
adjacent sides , and the resultant of this force with the third is repiesented by tlie duigonal of 
the parallelojiiped through tlic jioint of ajijtlu ation (See Compositton of J'orus ) 
EAKATiLKLS, MAGNETIC See Mof/netie Parallels 

PARAMACNETIC Faraday, on distovermg that ill bodies are subject to magnetic inflii- 
pnee, and thus doing away with the old distinction into VMf/neUis and non mrnpntiis, spoke of 
ill Bubstancf a as being m igiictic, and divided them into jmiamnijnctic and diamaijnctir Taking 
common an and vacuum as a rero, be cilkd puramiguctic all those bodies, sucli is iron, nukcl, 
1 obalt, which, suspended in air, tend with respect to it to move to parts of the inagnctii field of 
* grt vter mte isity , and all bodies, like bismuth, which move in air to weaker jiarts of the mag- 
iielio field, hcA.iUod duin.ignetie \Vc have considered the subject as fully as our Imuts allow 
under Diamaffnchcs and Mw/nehsm 
PARANAPHTHALINE Heo Anthraren 

PARASELENE (vapa, beside, and treXj/mj, tbo moon ) A mock moon Tbo appearance 
of a luminous disc near the moon, due to the same cause as that ivlncli piuduces parhelia (See 
Pathdion, JIalo) 

PARATART’ARIC ACID See Tartanc Acid 

Px\KCHMENT PAPER "When unsired jiaper is plunged into a cold mixture of two parts 
of cone sulphuric acid and one part of water, ind after a few seconds removed and well washed 
in abundance of puru*water, it will be fonml that whilst its ehemnal coriijiositioii leunams the 
'■11110 (see Ce/i«/o«c) its physical properties are entirely altered It is eonititul into a tough 
nicinbranons body resembling paichment, beiiee its name, whilst its strength is enormously 
increased, so that a strip wluth originally would not Biij>|iort more than tliri c or four pounds 
weight when dry, and scarcely an ounce when wet, will now carry over thirty pounds cither 
wet or dry Parchment paper is now largely manufactured, and it is of gr<*at use for n placing 
parchment, as well os for covering jam pots, &e To the c lieniist it is invaluable as forming the 
most efheiciit septum for the process of dnJi/ns 

PARHELION (irapa, beside, and ijXioy, the sun ) A mock sun It is due to the same 
phenomena of refraction as those which produce halos anil parasrlenco Roiiietiints a white band 
parallel to the horizon is seen crossing the sun, and possessing about the width of its dise At 
each extremity is a luminous image of the sun, sometimes colniii ed like halos 'I' ingeiit circles 
sometimes proceed from these discs Marnotte considen d that all thpse jilienomi na aie due to 
ri fraction through crystals of ice, and calculation ajipeais to conhrui this view (Sec IJalo, and 
Paraselene ) 

PARTIAL CURRENT See Derived Chtrrenis 

PARTIAL DISPERSION A term used to express irrationality of dtspernnn (which see) 
The total dispersions of sulphuric acid and oil of cassia prisms, for instance, may ho the same, 
but their partial dispersions, companng similar colours, arc very different 
TARTIAL ECLIPSE See Edipse 
PARTIAL POLARISATION See Polarisation, Partial 
PASCAL’S LAW OF PRESSURE See Pressure through iMjuvds 
PATH OF A PROJECTILE See ProjcitUe. 

PATTINSON’S PROCESS See Lead ^ _ • 

PAYO. (The Peacock.) One of Bayer's southern constellations. It is remarkably rich in 
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lucid stars, and is one of the few modem constellations which bears any resemblance to tlS!) 
ob^ct with which it has been associated ^ 

PEARL ASH See Carbon, Carbonate of Potasatum. 

PEARL WHITE See Bwmath 

PEGASUS One of Ptolemy’s northern constellations, represented under the figure of a 
winged horse, whose hind quarters however do not appear in the maps Three of the slms of 
this constellation, (Alpha, ^cta, and Gamma), form with Alpha Andromeda; a conspicuou>i 
square According to Bayer's lettering the star Alpha Andromedm is Delta Pegasi 

PELOPIUM See Columbium 

PENDULUM (Pendeo, to hang, suspend , pendvfunt, a small suspended body ) Pendulums 
are of several kinds When a small heavy particle is attached by a fine thread to a fixed point 
It forms a simple pendulum Suppose, for example, a small bullet to be suspended by a very 
fine thread, and caused to oscillate in an arc not exceeding 2° , then the bullet will ub-<orv c the 
laws of the simple pendulum , (i ) the motion will be isochromc , (2 ) the time of an oscillation 
will be independent of the weight of the particle , (3 ) will vary as the square rout of the kn^th 
of the string , and (4 ) will vary inversely as the square root of the force of gr ivnty ,it the 
locality m which the expenment is made Hence, in the same place, the seconds’ pendulum is 
always of the same length, but, m consequence of the variation of gravity, is different fur dif 
ferent pomts on the earth's surface The length of the seconds’ pendulum in London is 39 047 
inches 

By the third law, a pendulum one fourth of this length will oscillate twice in a second , a 
pendulum one ninth of the length, three times in a second, and so on 

Pendulums in which the vibrating body is of considerable size are termed compound 
pendulums Suppose a block of wood to be so attached by a point in it that it is free 
to oscillate in a ceitain plane Let the time of a small oscillation be accurately noted, aiirl 
determine the length of the simple pendulum wluch would make a small oscillation m tlic Stiiin 
time This length is called the “ length of the simple equivalent pendulum ” Sujjposc in tli< 
body a point be tiken at a distance from the fixed point equal to the length of the siiupk 
equivalent pendulum This point is called the centre of oscillation, and the hxed point tin 
centre of suspension The line joining the two centres passes through the centre of gra\ ity of 
the body It is an impoitant law tliat tlic centics of oscillation and suspension are couvcrtdtie, 
and the time of oscillation about each is the same The simplest body which will sene as iti 
illustration is a straight rod or wire If tho rod be attached at one extremity the tinie of 
oscillation will be tlr same as that of a simple pendulum having two thuds of its Iciigtli 
licnee by the aliove law we sec that the time of oscillation will be the same, whether the lod be 
suspended from either extremity or at either of the points found by dividing the rod into tliieo 
equal parts The oscillations of a rigid bo<ly have been made use of to detunmue the' force uE 
gravity at dilTcrcnt points on the eaith’s surface It has been shown that the time of oscilkiliuii 
vanes directly as the square root of the simple equivalent pendulum, and inversely as the square' 
root of the acceleration due to gravity Hence this acceleration can be detcnniiieil as soon .i? 
the length and time art* known Accurate expenuieiits have been made on this plan by qk un 
Kater, (see Phil 2 'ians 1818, and Lncyc MUiop ), and again with a correction for the attrae 
tiun of the intervening land, so os to give a value for tho acceleration at tho level of the se>i, 
by Dr Young, (Phil Ttans 1819), also by tho Astronomer Royal, in Harton coalpit in 
1S54, (see Phd Trans 1856) Eor still more accurate corrections see J^hil Tians 1831, ami 
Cambridge Phil Trans voL ix. 

The experimental dctcnmuatiou of the length of the seconds’ pendulum has also been applied 
to furnish a standard uf length which shall Iw invariable, and capable of recovery at any time 
By an Act of Barhoment, 5 lY , the yard is dchned as 36 parts, of which there are 39 13^3 
in the length of a pendulum vibratmg seconds of mean time m the latitude of London in vaeuu 
at temperature 62“ E 

For a third use sea Horology 

PENETRATION, ELECTRIC , or. Penetration of Charge The phenomenon of the 
rexidual charge m a Leyden jar is explained on the supposition that owmg to the intensely 
strained condition under which they are, the molecules of the dielectric become bodily charged 
to a small extent, the electricity of the jar, as it were, penetrating the glass When the jar is 
discharged, this idectncity is again forced outwards to the coatings, the molecules of the gla^ 
tending to return to their normal condition. To investigate the laws of the phenomenon a 
plate of msulatmg material is furnished with removeable metallic coatings These are 
diarged, allowed to remain so for some time, and then discharged and removed * At 
no signs /if electricity are discovered on the surfaces of the dielectric, but by degrees tnev 
appear, as may be ascertained with the proof plane, each side becoming electrified m the sain 
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way as its coating was It la found that the amount of penetiation increases with the intensity 
of tte original charge, and with the length of time it has been allowed to act , it also lU pends on 
the natiiie of the insulator Faraday showed that the residual charge was gicatcst with 
paraffin , greater with shell lao than with glass, and greater with glass than with sulphur 
^ PENUilERA- (PcMC, almost, and uniha, a sliadow) In astronomy, a paitid shadow 
Thus, in a lunar eclipse those parts of the moon which are illumined by a portion, but not the 
whole of the solar disc’s light are said to be m the earth's penumbra In a solar eclipsu those parts 
of the earth which arc illumined by a portion, but not the whole of the solar disc are in the moon’s 
penumbra Those parts of sun spots which are less dark than the umbra are termed the pen- 
umbra (See also Shadow ) 

PEPSIN The active prmciple of the gastric juice Its peculiarity is that, in th(‘ jucsenco 
of an acid, it converts almost every description of albuirimous and fibiiuous matter into a 
buhiblc form of albumen, which is capable of very easy absorption (See Animtl NiUiiUon ) 
PERCHLORIC ACID See Chlorine 

PERCUSSION (Pcicusaio) The act of stiiLing one body against another The shock 
aiising from the rolUsion of two bodies (See Impact ) 

PERIGEE (irept, near by , and 7^, the earth) In astronomy that part of the moon’s 
orbit which is nearest the earth (See Apo'jee ) 

PERIHELION (irepf, near , and iJXios, the sun ) That point of the orbit of any phinct, 
comet, or meteor, which is nearest to the sun 

PERIOD (7rfpto3oi, a going round ) In astionomy the interval of time otriipicd by a 
planet or comet in travelling once round the sun, or by a satellite 111 tiavelling round its jpiuiiary 
1‘ERISCOPIC SPECTACLES (irept, aiouiul , and aii oTrru, to sec) A fonn of spi et leles 
iii\eutcd by Pr Wolliston The lenses arc of meniscus shape, and give a uidei lield than 
double convc'c ^ t double concave gl.vssea (See Spcctadca ) 

PEllMANLNT VIBRATIONS, or, as they aio sometimes called, stalionaiy vibrations, are 
dibtmguishtd fioin pt o<ji easite vibrations, or waves of varying density and ti nsiou Thus, if m 
’ilTistie rod fastened at one end be set in vibration, all poitions of the rod movo togetlu r, iiid 111 
tile same directign They coiuiuenee movmg at the h-vmo time, euntnme iiioving foi the samo 
time, mivo at then respective jiositions of ma\iipuni distiirb.ince at the same time, and eoin- 
incnce sunultancously their return journey Such vibiatioiis no tailed statiom,ry 01 jitnuannit 
If, however, (see iVopayattoa 0/ <Sou«ti) a state of compression p,isses thioiigh a nuiliiiiii, the 
puitiuns of the medium nearer to the sonorous body will be the first to be aJfectod, piiul those 
mole remote will bo luflueiieed subsequently aceoiding to then chstaiieo fiuuiAlie soiioious body 
buoh vibrations arc called jirogressive All undulations aie jirogressive 
PERPETUAL MOTION A ehimcrieal idea which li is jiosscssed the liiiman iniml in for- 
iJibi times, and is at piescnt occasionally held by peisuiis having iiisnlhcieiit kiiovvledge of 
lueehameal science, to the effect that it is jiossible to obtain a m ithme vvhith will toutimie to 
til) external woik without the application of external eneigy TJio subject has helil .1 jil.iee in 
jilijsics simdar to that occupied m chemistry by the search for the “ elivu of life,” anti for a 
method t)f changing the baser metals into gold Every iiiaelnne vvlien 111 action tloes work, for 
it IS impossible to construct a machine in which there is a total abst nee of fi letion , and if no 
ulhei wtnk be done, the machine has to overcome the fiietioii and other resistaneis to the 
motion of its p,T,rt3 The performance of work involves the transmutation of one foim of energy 
into another, and the total amount of encigy of the machine when left to itself is dnniinslied 
by that which it parts with 111 the transfonnation Hence, it is only jmssilde to obtain fioni a 
machine that is not regularly supplied with energy from without, i definite and hinitiHl imoiint 
of work , in otherwords, perpetual motion is impossible (Set Lneiiji), t'onvi lalioii of AVioyi/ ) 
I’ERbEUS One of Ptolemy's northern constellations This astensm is ixeiidiiigly iieh, 
and contains many objects of great interest The splendid double eliistei of stais lu the swonl 
handle of Perseus is perhaps the moat amazing group of stai’s in the heavens Even a small 
telescope reveals a large number of stars within the group, but in a good telescope the eliisters 
exhibit an amazing richness of stellar aggregation 'i’he star Algol is another rnnaikable 
nature of this constellation The vai latious of this orb are described elsewhere (bee Stare, 
lurinWe ) 

PERblAN WHEEL A machine for raising water by means of the action of a stream of 
Hater on a wheel It consists of an ordinary water wheel, having buckets attached at regular 
jiitervals around a circle near the circumference The buckets are not firmly fastened, but are 
hung upon strong projecting pms Suppose the wheel to turn in the same direction as the 
hands of a jjfatch, then the buckets descend on the right and, go dovv n into the water, where 
•hey are filled and ascend on the left till they reach the top Here they come in contact with 
the end of a fixed trough, and ore turned over so as to empty the water into the trough, from 
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which it IS conveyed by pipes As each bucket passes the trough it falls again into the \eitici] 
position, and so goes down empty into the stream, where it is filled as before • 

In another form of the wheel used to raise water only as high as the axis, the bncUets m 
replaced by curved hollow spokes, which, m the lowest position, have their convexity dirtctci'l 
downwards As the wheel turns, the water rises in the hollow spokes, and runs out inti) ■< 
trough placed immediately btlow the axis 

PERSISTENCE OF VISUAL IMPRESSION The retina will receive a luminous im 
pression instantly , an electric spaik lasting the millionth part of a second is plainly seen Inil 
the eye does not lose an imfiression with equal rapidity, for it requires about one thud o£ ^ 
second for the iinjiression to subside It follows fiom this that a luminous point passing acio 
the field of view in a less time than this, appears drawn eut to a luminous line , thus forKt, 
bghtinng ajipears a continuous line of light, and shooting stars £lro also elongated to lines If tui 
pictures arc suwcssively presented to the retina with great rapidity, they become supeipfn,[t 
owing to this property , the tliaumatrope, phcnakistoscope, and zoetropo are toys based on Ihi 
phenomciii of persistence of vision 

PH ACT (Arabic ) Tho star a of the constellation Oolnmba 

PHANI’AyMACTCllIA {<(>avTiiffjxa, an appearance , from ifiaivu, 0ttw, Sans hha, to shine 
and ayopaonai, to gather ) A term applied to the effects produced by a magi< laiitLm , soim 
times also to representations of sbadoits of persons and objects thrown upon a senu transpanii 
screen 


PHASE {(pdait, appearance ) In astronomy the aspect of the moon or planets as respect 
the apparent figure of thii luminous poition of their disc 

PHEClkA (Arihic) The star 7 of the constellation Ursa Major 

PHFjNAKISTOSCOPE An optical toy devised by Plateau, 111 which a senes of iinau'i 
are placed before the eye, one after the othci the other, in rapid succession The im.igcs ar 
made to icprescnt the different stages of motion, such as a man in the act of nmnmg, a lioisc h 11 
ing, &c &c Owing to the piiMsttncc of impicssinns on the retina, one image does not cl i"- 
to be Been before the next is presented to the eye, and the result is an apparent rontiiuiitj’if 
motion, tho objc et apiieai mg to bo moving A recent modification of this toj is known as th 
zoetiope Pa 3 i 8 laitL of ViiucU Jinpicsston) 

PHENAMIHE Sco Andinr 
PHENOL See Carhnhi A<u( 

THEN YL AMINE See Aniline 
PHENYLIO ACID See €ni bohe A cid 
PHENYLIC ALCOHOL See Cai bolic Acid 

PTILOGISTON (0^o7tfu, to inflame ) A term used by Stahl to designate the mattiT " 
pnnciplc of fire The celebrated theory of phloyitioji, (winch influenced science for inoic Ih iii 
century), aflinned that various changes pioUuccd by chemical operations„were due to the ibsnriitin 
or rejection of tins pniiciple of tiic by the substances acted upon The assimilation of plilo.i 
ton means, in the language of modem rhcmistry, deoxidation , while loss of phlogiston me u 
combination with oxygen gas Thus, lecwl duiiiig caleinatiun was said to lose phlogi-ntoii, f 
lead was regircled by the followers of this theory as calx (i e , oxide) of lead, jilnt jihlogi'ti'ii 
and the heating of lead with eub'.taiiccs rich in phlogiston (such as charcoal) caused the pliln.) 
ton to be absoibed, and the metal is the result 'J'he following paragr.ipli is to the intluend i 
the theory of phlogiston is from a paper on the subject by Mr Rodwcll iPhilu-iophitol M'l'j'i " 
for .Tanuary 1S68), to which the rcadci w refeiaed for further information — “ Of the inHnci' 
of the theory of phlogiston I need say but little It was not the hist chemical tbcoiy , it <li' 
not give the first explanation of combustion, and it was established in the face of facts w’ " 
earned with them its refutation When the first stige of its develojmient was pa-'Sid, fi' 
were adapted to the theory, and phenomena were tortured and garbled so as to fit 111 witlj '* 
by which means tho progress of chcniual science was somewhat retarded Eicn 
Lavoisier had conclusively proved the fallacy of the theory, this blind adherence shut the lm 
of the phlogistians to the merits of the new eystcra, and to the utter falsify of tliLii ein' 
Ncveithelesa, the theory exercised infiiicntc for good, for by its means a certain anuunit ■ 
order was introduced among a vast chaotic mass of chemical facts, and phenomena weic ili' ' 
together and reasoned upon together, and together subiuittcd to similar processes t f uu n 
analysis, after the manner so strongly advocated by Francis Bacon ” 

PHfENIX (T/ie Pharntx ) One of Bayer’s southern constellations 

PHONAUTOGRAPH (Scott and Komg’s ) The method of registering tlie vibrati' n=^' 
sonorous solids by means of sinuous lints (see Sinuosities) has been extended to snal viuia 10^^ 
A deejjjparaboloid of revolution is ti unrated by a plane, so as to form a parabolic cup wnU a 
bottom In the centre of the bottom a hole w cut, into which a short tube is fitted T-he t * 
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tube IS closed by a ratmbrciiie of btrctclied evoutdioiic oi goldbeatii s skin, tlie 

^ensiouof whith can be \'ined by a iiiiy i'astentd to the outsido of the munbt.iue is a 
[eathti, ■nliich. is in contact with a i evolving cylinder blackened on its suif ice, and wmkmg on 
I screw axis (Sec Sinuoailies) A little stiff aim can be bioiiglil into contict with the mem 
lii-niic so as to insure the ot curronce of a loop and absenci of a node, when tlie iiuiulirane 
vibrates at the point where the feithcris fastened When a note is soundid in such a way 
that some of it is collected in the paraboloid, the aibrations are comniinne.ited to the dnmi 
membrane, and thence to the feather If, at the same tunc, the bkiekcned t ylmder is turned, a 
sinuous line is produced (See isuiuoaUici, ) By this instrument tlie joint cHut t of two oi iiioro 
siniult incoiis notes can bo examined Thus, if a note and its oetive aie soiuukd togethci, i 
compound sinuosity is produceil, eviry altiiiiate lull of winch is twice as high as the inter- 
nicdiite lulls Scott s phoiiautogi ipli is lulmirably adapted for Bhowirig gi.ijiliually the recur- 
rence of beats at regular lutcrvils, and the lelition of these to loncoid and discoid Thus, if 
one note eon ids of two or tliice more vibr itioiis in a second than aiiothei, we licai of eoliise 
two or three beats in a second (sec Ihati), and we liiul cm the blackened piper whin siiih notes 
aic boundeil togf tliei two in three hills of augmented height m the length of sinuosity whicli 
represents the ^ cond of tunc The laiiatiims of loudness, duration, and juleh which coustitiite 
melody can bo recorded by this instruaient 

PHOytlBNlj (jAS light , yeiivaio, to produce ) Known also as thloro-c iibonic acid, 

and oxychlonile of carbon, ib formed by exposing a mixture of ihlonne ami i iiboiiii oxide 
to the bun’s lays, whence its name It isa culoinless gas, h iving a snllocaling oduni Speeifu 
grai ity 3 4249 , formula CO, C'lj , w atcr dccoiupobcs it, yielding hy di oi hloi 11 and e irb imi acids 
PHOSPliOllKSt’liNCH light , and to eaiiy' ) Under soini eneumstaiiiis, 

bodicii beconic capable of cnutUiig light xvhen vicxved in the daik 'llu hglit is gLiicially nii- 
aceompanied oy heat, and la bcldoiii the icanlt of ehcuiical actum I'hiisjihoii scciice maybe 
excited by he it — for instance, m the diamond, ffuois[> ir, &,c Many bodies me rcndcicd jilifls- 
phorebcent by an elcctnc discliaige , such arosugai, C niton’s phosphoi us, &,c Othi 1 sulistimcB 
aieicndercd phosphorescent by lucchanical action, thus many iiystals emit light when they 
aiebiokcn liVcposuro to the suii, or other intense light, is auothci cause of iiliosjiliorcsccuce 
Many artificial jihospbori aie piepureJ which slime with vciy beautiful colours under thise cir- 
cumstances The same effect is also produced by the elcilnc dischiigc, and iniiuite resiihii s of 
gises in Ccibhler's tubes, excited in that maniiei, piodure vciy bi lutiful iftccts '['he rays 
which produce phosphoi esence are of high icfraiigibilily, iml the liglit omitted by jihosphoicH- 
cunt bodies is of lower icfrangibility, and couccntiab d into a few liiiiffiious bands of tin 
siiLctuiin Tlie luminous ippearancc of jihosplioius in the air is giiici illy consiili h d to be due 
to slow oxidation Phosphorescence' lasts from a fiaition of a second to sonn lioiiis 
rilOSPIKlKOSCXlPE (^wf, light, to cany, .mil akoiriti^, to view) 7 \ii iiistru- 

inent devised by E BeCqucrcl for detecting the jihenoinena of phosphorcscem.i' in bodies wlncli 
only bhiiio a fiaetion of a bccoml after insolation By means of a ilisi, jaifoi itccl 111 a pii- 
ticiilar manner, and revolving over a box cont unmg the subst nice under t x immatioii, sunlight 
ni ly be allowed to fall upon it, and bo cut oft agun immedi itcly licfore tin obsirvei can see 
It through the other aperture By rotating the disc with sullieieiit lajinlity, tin c\,iniiii.ilKiu 
may bo made at an interval less thnn tlie 400th pait of a sccoud aflci the light lias ceased to 
bhnic u])on chi' substance (Sec Miller's Fhijtm, 18O7, p 193 ) 

PHOSPIlOliUS (i/)ii>j, light , and i^icpid, to brmg ) Animinctvlhi ckinent dihcovorcd in 
1669 by Brandt Atomic weight, 31 , symbol, P , siiccific „iavity, I S2 In the imre st ito it 
IS a nearly colourless orfaantly yellow, waxy sohd It is ti insp ueiit, altlioiigli it soon becomes 
opaque and ciystalline It crystallises in octahedions It 1111 Its at 44“ (' (m" F ) to 
an oily liquid, and boils at about 290° <J (554“ F) Vapour density about 435 It 

IS insoluble in water, but very soluble m disulphitlc of carbon, and less so 111 bi ri 7 ol and 
a I il itile oils It IS a very poisonous hubstance The most stiikmg characteribtic of phoa- 
phorus 18 ita intense affinity for oxygen A piece of it catehi s hie by slight friction, 
or gentle heat, and sometimes spontaneously when cxiioscd to an on wood or sorno non- 
conductor of heat Will nits solution in disulphide of eailioii is poimd upon blotting paper 
and exjKised to the air the finely divided phosphorus wliicli ly left behind oxidises quickly, 
and buiBts into flame The comlnistion of phosphorus in oxygen is .ittcndcd with the evolu- 
tion of one of the most intense artificial lights known When exposi d to air in a daik room 
phosphorus shines with 3 pale, lambent light, evolving a faintly luminous vapour Owing to 
Its great mflammability, phosphorus should always bo kept under water, and must only bo 
wnth extreme care Phosphorus exists in several modifications, which arc as follows — 
11 Aite produced by the action of light Its spreihe gravity is leys thafi that of 
the transparent variety. Mach Pkosjihorua is produced by melting phosphorus and suddenly 
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cooling it It 18 reconverted into ordinary phosphorus by refusion and elovr cooling 1 nm,,. 
Phosj^wi us 13 obtained by htatmg phosphorus to near its melting point and then suddenlv 
cooling it Amo 7 phous Phosphorus is obtained by keeping ordinary phosphorus for 30 or 40 
hours at a temperature of about 232" 0 (450“ P ) under pressure in an atmosphere of caibonic 
acid When puiified it is a red, amorphous substance, of Bjiecifio gravity 2 14, ivhich does iiut 
oxidise in the air at the ordinary temperature, emits no odour, is not poisonous, and is insolulilo 
in disulphide of carbon and other solvents of ordinary phosphorus It may be ke2>t 111 the m 
without danger, and can even be wrajiped m paper and handled without fear of ignition At 
a temperature of 260“ G {500° P ) it is reconverted into ordinary phosphorus Owing to iti 
comparative hannlcssncss amorphous phosjihoms is largely replacing common phoaiihonis m 
the manufacture of liicifer matches Phosphorus forms many important compounds, amon'-st 
which the following deserve mention — 

//ypop/tosp/iojoMS j 4 cid (H^PO„) is a viscid liquid, having strongly acid properties, unitin' 
with liases to form a well dehnud senes of salts, some of which are used in medicine 1 lie 
principal hypopliosphites are — Ihjpophotphtte of Calcium (CaPjII^O^), which crystvllisei m 
colourless jinsins, soluble in watti, and permanent in the air ihjpoplwsphite of Poluisniin 
(Kl’Jf^Oj) IS very deliquescent, but may be obtamed in crystalline plates 

Pliosphoions Acid (anhydious, PjOj , hydrated, HjPOj), forms a senes of salts with base?, 
which are, however, of little importance 

Photphoiu Acid (PjOj) IS jiroduced when phosphorus bums in air or oxygen It is a nry 
light white amorfJious substance, extremely deliquescent in moist air, and hissing like a red hut 
iron when thrown into water It is a powerful acid, and has different properties accoidiiig to 


the number of atoms of water with which it unites The conipouiul PaOg ITjO is cdled MlUi 
phoiphonr Acul, the compound PjO^ 2HjO Pyiopkosphoric Arid, whilst the compoiiml 
3II/I IS called Oithopho^phoi ir Arid, or ordinary pliosjihonc acid Each of these iculs 
fotms a senes of salts with bases The following are the most important — Orthoplimplmh oj 
Aluminium, or tunpioisc, has the comiiosition 2AUO3 P2O5 SHjO , its specifac gravity is 
and it has a jicculiar waxy lustre and a lilmsh green colour, owing to the presence of a littlo 
cojiper When fine, it is highly prized as a gem Orthophosphate of calcium 3GaO PjO, is tlio 
principal constituent of bone ash, and is also met with m considerable quantity in cojirolitis 
When iirojiarcd artificially, it is a white earthy powder insoluble m water, but slightly so 111 (Iia 
presence of carbonic acid It is dissolved and decomposed by most acids The njinrral qntite 
consists of a mixture of orthophosjihate of calcium and chloride of calcium, some of the eliloimi 
being frequently replaced by fluorine Phosphates of Maijnesium — The neutral ortliophoqih iti' 

(MgjPjOj) 13 precipitated as an insoluble jiowder, when a magnesia salt is mixed with a soluUli 
orthophosphate Tlie best known magnesium compound is, however, a double jihesiill ito of 
inagnoiuni and ammonium (NH^)! MgjPjOg I2H^0, which is the precijutate produced when i 
magnesium salt is mixed with an alkaline orthophosphate, and ammonia, in the i>restncu >if 
eal-ammoiiiac It is a heavy crystalline jirceipitatc, which, from its insolubility m watir, u 
almost always used for the (luaiititativc estimation of jdiosphoric acid, or magnesium i’hv 
pluUes of Siliei — Orthophosphate of silver (Ag3P04) is a lemon-yellow insoluble powder I’jio 
phosjihato of silver (Ag4P20j) is a white maoluble powder The mctaphospliate of sibei n 
also white and insoluble These differences of colour serve to distinguish the three nioilifas 
tions of phosphoiic acid Phosphates of Sodium — These are very imnieroua and coiniihv 
composition The crystallised metaphosphatc has the composition 3NagO3P^05 rslf •• 
It crystalhses in large rhombic pnsms, easily soluble in cold water Orthophosiihate of soiluini, 
or the oidinary iihosiihate, has the composition Na^HPO^ i2HjO It crystalh»-f'8 111 
pnsms, which effloresee in the an , they dissolve easily m cold water, forming a solution wli ih 
has a salme taste, and is frequently used in medicine This phosphate unites with aininoiiiJ. ti 
form the salt known as pAosp/ioj MS soft or nncrocosmc salt, having the composition. 

HP04 4 Hjj 0 It crystallises in monoclimc prisms, which dissolve easily in water, "fun 
heated the water and ammonia arc driven off, and pure metaphosphate of sodium is left 0* 
bind This is frequently used as a flux in blowpipe experiments, instead of borax, as the fii'i^' 
metaphosphate dissolves metallic oxides, frequently with characteristic colours Ihjrnphnipfi" 
of Sodium — This salt (Na^I’jOy loHjO) is easily obtained by igniting the salt last meiitvii ■ ■ 1 
dissolving in water and crystallising Phosphoric acid also unites with alcohul radieil!> an- 
other organic compounds 

Chloi ides of Phosphoi us —Phosphorus and chlorine unite readily at the common tempt 
with evolution of heat and light When the phosjihonis is in excess, the tri c/dot ide^{V^‘i' *J 
foimed, which is a thin colourless liquid of specific gravity i 6 boiling at 78° C (17**° ^ 
dccomptJsed by water into hydrochloric acid and phosphorous acid With excess of chlorine .1- 
pentaclUoi ide of phosphorus (PCI5) is formed, which is a solid straw yellow crystalline m-''’ 


PHO 


431 


PHO 


f 


BMblimingat iOO° C (212° F ), and decomposed by water into bjJrocldonc md phosphoric 
litids Pentachlonde of phosphorus is a valuible re-asient in organic eheiuistry, as nuJi-rits 
influence many alcohols and acids are converted into chlorides of their radicals 
phosphorus unites with hydrogen to form a gaseous compound PH3, a liriuul compound PH. 
and a solid compound PjH 

PJIOSPHOIIUS, ACITON" OF LIGHT ON Sohroetter has shown that ordinary phosphoius 
IS converted into the rod amorphous, insoluble variety, by tho prolonged action of Hunlight 
PHOSPIIOKUS BASE>S In its chemical reactions phosphorus acts in many instances like 
nitrogen, and, as above stated, forms with hydrogen a gaseous compound (Pili) winch 
has some of the properties of ammonia, and hke ammonia can have one, two, and thice of its 
atoms of liydiogen replaced by an akuhnl ladical, forming what are call pho5]>hoi us bases 
These have much stronger basic properties than phosphuretted hydrogen, and are extremely 
numerous mdetd they are as piactically unlimited as the ammonia bases They mostly unite 
with acids f( lining crystallisable salts (Inly one base has jet shown properties wliitli apjiear 
likely to rcniler it of value, and this is the one 111 whith the three eipiiv ilcnts of hjdiogeii in 
Pl^^ arc rcplatecl by ethyl ((MIj), foiiinng the compound (Cjllj),?, or Tnethyl P/w^b/iiuc 
PHOSPIIOiiUS SVI/r 'See /ViospAoiiis 

PHOSPHOaiITS, Sl’EtlTlllJM (3F 'I’his may he obtained by passing an induotion rnrrent 
thiougli a pciftctly exhausted Ocissler’s tube tont.inuiig a piece of pliosphoius On ivaiiiiing 
tho phosphorus it uses in vapours and the cmront passes In the spectroscope tin light thus 
produced is -iccn to consist princip illy of thice b vnds in the green 1‘hosplioiiis gives sjjcilia of 
(no Olden, similar to mtiogen (See Ai/roycn, SpCcttHmof) 

PlIOTO-GllEMICAL INDUCTION Atei-m employed by Professors Piinstn and Poscoo 
to express an efteet wlnth they hrst observed when experimenting on tho action of light upon 
a mixture of nvdrogcn and chlorine (See Ckemiad P/iotomctci ) No action wis fonml to take 
place duniig the fust moment or two , it then eommenccil and rapidly increased to a niAximtim 
A similar action has been observed in other photo tliemicil processes 
PHOTO GALVANOGGAPHIC PROCESS See Ptwtorn«phK Eiifjianni 
PIIOTOfjriYPHIC ENG11AVIN(J See Pkotoi/i aphie Ewj) auwj 
PllOTOORikPHIC ENGRAVING Theic aic nnny pioctsses by which a metal plate 
can be engraved, auffieient to print from, by the joint action of light and diemieal foite It 
11 mild be impossible to describe the numerous mgcnions processes which have lieeri fjom time 
to tunc devised for this purpose, but tho following ontlino will give a fan idei of the priiiciiilcs 
on whicli most of them are based — A solution is made of gelttinc and hwhioinale of potash 
of ajipiopnato strength lliis is itoured, whilst warm, uj>oii a steel jdatc, and allowed to dry m 
tliu dirk It is next exposed to lis,'ht under a negative Tin action of light causes the rhioinic 
1(1(1 to be reduced to sts(iuioxido of cbiomium, the oxygen going to the gelatine, and oonverb- 
iiig it into an insoluble, substance If tho siuface is now wetted, the poitions not acted on by 
light will swell up the other parts rem lining at their oiiginal level, and a mould cm bi taken 
of this rdief picture, and from this a copper plitc electrotjpcd, from wlnth prints may bo taken 
at an ordinary pros This is tbi^ principle of the plialo-ijahanoijiophir ptoccss If instead of 
wnijily allowing uhe unattodon gcdatiiio to swell up, it is cntiidy dissolved out ivitli water, the 
portion whrio no light has actccl will be left bare, and may be bitten in with vtid Those parts 
covered with the insoluble gelatine being protceVd from action, this engraved jdati may then 
be punted from at a coppei plate press in the ordinaiy manner Jf, instead of metal, a litho- 
grajiliic stone is cnijiloyed, and it be moistened with water aftei the aeti'in of light, tin different 
parts will have different attractions for grease and water, and photo lit/inrpop/ii/ is the usiilt, 
Mr Talbot pours the mixture over a steel plate, and, after exjiosiirc to light, Hoods it with eolu- 
tinii of perchlonde of iron This soaks through the unalti'red gelatine, and ctdies tin steel 
Surface huihen ntly deep to enable it to be printed fiom 1'liis he calls rni/inimy 

Mr Woodbury takes a leaden mould from the swollen-up gelatine i<ictui(', and uses thn to 
print fiom with gelatine ink in a very mgemoiis manner This is called the U yod6u) y type 
llicre are many other processes of this kind, but the pisiiciple is the same in all 
PHOTOGRAPHIC TRANSPARENCY Bodies w hieli appear peifedly transparent and 
colomless to the ordinary rays of liglit, have very different transjiiieiuies to the jiliotographic 
fr actinic rays Thus, rock crystal will transmit rays of the spectrum of tlic Liglu'st known 
refiangibility, whilst a piece of common glass interposed immediately cuts down the spectrum 
to about half its length This subject has been principally examined by Dr W A Miller (See 
rmcadinyt of the Jioipd Institution, March 6, 1863 ; Among the most 11 maikahle results ujion 
hi, photographic transparency of bociies wlnth have been oijserveil in these reseirchcs arc the 
lollfjwing*—! Colourless solids, which are equally transparent to the visible rajs, vary greatly 
tn permeability to the ehemieal rays 2. Bodies, which arc photographicaUy transparent m the 
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BOxiu form, prcscr\e their transparency m the bquid and in the gaseous Btates 3 Colourl^ji 
transparent aolids which absorb the photographic rays, prcseive their absorptive action with 
greater or less intensity botb in the liquid and m the gaseous states 4 Pure water is photo 
graphically tiansparcnt, so that many compounds which cannot be obtained in tlie solid foim 
Bulhoiently trans]iarcnt for experiments, may be eubjccted to trial in solution in water The 
mode in which the experiments were conducted is the following — The source of light cmplo-^ ul 
was the elcctnc spark taken between two metalhc wires, generally of hno silver, connected v\ ith 
the terminals of the secondary wires of an induction coil, into the primary circuit «)f which i-, 
introduced a condenser, and into the secondaiy circuit a small Leyden jar T'he light of the 
sparks IS then allowed to fall ujitin a vertical slit, cither befoic or after tiaversing a slice or 
stratum of the material, the electric transparency of which is to he examined The trausmittinl 
light la then passed thioiigh a tpiartz prism, placed at the angle of uuiumum dcYiatioii Im 
mediately behind this is a lens of rock crystal, and behind this, at a suitable distance, the spec 
tnim IS received upon the sensitive suifaco of collodion Impiids are contained in a siriill g! iss 
cell with quartz faces, and gases anil v ijiours m long tubes, closed at their extremities with 
thin plates of polished (piart/ The followmg tables exhibit the relative diaetmie power of 
various solids, liquids, and gases and vapours — 

Photockaphic TnANSPAHEirCV 


Solids 


Liquids 


Oases and Vapours 


Rock cry stal. 

74 

Water, 

74 

Oxygen, 

74 

Tee, 

74 

Altohol, 

63 

Nitiogcn, 

74 

Fluor spar, 

74 

(chloroform, 

2.6 

Hy di ogen, 

74 

Topaz, 

65 

Ben/ol, 

21 

Carbonic acid, , 

74 

Ruck salt. 

63 

Wood spint. 

20 

Oleh int gas. 

f .6 

Iceland spar, 

Sulphate of magnesia. 

61 

Ether, 

16 

Marsh gas, , , 

63 

62 

Acetic acid, 

16 

Coal gas, 

37 

Borax, 

62 

Oil of tiippcntme, , 

8 

Benrol v .ipoiir, 

n 

Hiamoiiil, 

62 

Bibuljihide of earhon, 

6 

llyihochloiic acid, 
Hydiobroimc acid, 

53 

Bromide of potassium, 

48 



2) 

Thin glass, 

20 



Hydnodic acid, 

15 

Iodide of potassium. 

18 



Sidjdiuious acid, 
Sulphuretted liydiogcn, 

u 

hfica, 

iS 



11 

Nitrate of potash, « 

16 






Diactmie hises, when united with diactinic acids, usually furnish diactime salts, hut 
Bueli a icsult is not iimfoinily obstived, the sihcvtes arc none of them as ti uispareiit is 
hilic'a ilaclf in the fonn of rock ciysfal Again, hydiogen is cimnently diactmic, ami iodine 
vapour, notwithitandiiig its ileeji violet colour, is also largely diaetmic , but liydiindie niil gis 
IS greatly mfeiior to cither of them The same siibst nice, however, whatever m ly In its 
physical form, whether solid, liquid, or gaseous, preserves its eharaetei , no eheiiiieilly op npn 
solid, tliougb transparent to light, becomes traiispaient jiUotogiaphle.illy by hquebutmii ur 
volatilisation, ,uid no transparent solid is lendtied eheniically opaque by change of fi»nii 
lienee it is obv ions tliat this ojimityor transparency is intim itely eoiiueetcil w ith tin atoiuie 
or chemical chaiaetcr of tlic body, and not mexely with its state of aggreg itioii Allliougli tin 
absorption of the ehemieilrvj's vanes greatly in diUeicnt gi^cs, winch, thcrefnrr, in this letiun 
display ail analogy to then clleets upon radiant he.it, jet those gases which absorb tlie ri\s it 
heat most povvcrfnlly are often highly transjiarent to the chemical rays, as is seen in the t vse of 
aqueous vapour, of eaibonic acid, ey.inogcn, and uleli.uit gas, all of which arc compound sub 
stancoB, not chemical elements In the ease of reflection from polished surfaces the metils iie 
found to vary in the quality of the raj s reflected , gold and lead, .ilthnugli not the uio-t 1 mill mt, 
icflccting tlie rays more umfonnly than the brilliant white suifaccs of silver and spLCuluin 
metal 

PHOTOGEAPHS OF THE SPJvCTETJM See Actmim 

PHOTOGRAPHY (^ws, light , and to write ) The art of producing representations 

or pictures of objects by means of light Photographs are divided into positive and nigatue 
A negative IB one in which the light and shade aie reversed, and a positive is one in which tiifV 
are shown .IS in nature The action of light being to ilaikcn a aensitive surf. vee, the putuio 

which IS taken m the camera ohsciira is a negative, and by using this as a matrix, bupeipoami! 
It on another sensitive surface and exposing the whole to light, a negative of this negative w 
produced, which is a positive Thus, from the oiigmal negative taken in the camera any num- 
ber of pdkitives may be pnnted Under the heads Calotype, Collodion Ptocesa, and Da^uerreo- 
type, will be found an outline of the principal photographic processes 
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PHOTO- LITHOGBAPHY See PhotograpJuc Engiaiing 
PHOTOMETER, BUNSEN’S See Sunaen's PhototnUer 
PHOTOMETEll, CHEMICAL Actmometer 
PHOTOMETER, POLARISATION See Point isntion Photometer 
PHOTOMETRY liglit, and turpov, a measure ) Phutometiy consists ot the measure- 

ment of the luminous intensity of bylit It may be cither absolute or tdatiie i Given a 
luminous beam, it is required to express its intensity by some absolute term having icftieiice to 
a standard obtained at some previous time, and capable of being leprodiiced with accuracy at 
any time Tins is absolute photometry 2 The standard of comparison is compaicd separately 
at each observation, and the problem then consists in the determination of the tdaliiL intensi- 
ties of two sources of light The absolute inAhod has scarcely jet been attcniiitcd, noi dots it 
seem probable that the problem will be solved for some considerable time The relative method 
has, however, been brought to considerable perfection, and the various instinmi-nts now m uso 
aie dcseiibcd under their separate headings (See Jiunseris Photonwtc) j PuUiiisalion Photo- 
mdet , UtiinjonVs Pbolonutu , Ritchies Pholometci , At ago' s Phutonuter, Jet PlwlomcUt , 
Elect 1 0- Phut omelet , Jl/uison’i ) 

PHYSIC \L ANALYSIS OP EXPIRED AIR Professoi Tyndall found tliat caiboiiie 
acid possesses very slight absorptive povvei for the heat emitted fiom hot solids, but that, when 
aflame of eaihonie oxide (binning to caiboiiie acid) was substituted as the souicc, the absorp- 
tion of the omitted lieat by caibonic acid was oonsideiablo 'I'hus, one tJmtieth of an itm<js- 
phere of carbonic acid absoihs 48 iier ei nt of the i.uliatioii from a e irhonie oxido flame, and 
one thud of an atmosjihere ahsoibs 74 3 per cent It is clear, therefore, that a vciy small quan- 
tity of caibonic acid can he detected by obsnrving its al)sor]>tion of the licit enntti'd by a cai- 
bniiic oxide flame This has been applied by Mi W F IJauett to the analjsw of tvpircd an, 
winch leaves the lungs ehaiged with aqueous v'lpour and e irhoiiie aeiJ The ahsoiptiou duo to 
diy expired -ur was first detem.inod, and a mixture was then m.ido of ]>iiie e.uboine ai id with 
diy air, which produced a suiiil.ir aljsoiption Two dctciniinations by Piofcbsoi J'l inklaml of 
the caibonic aetd in expired air, by eheiiiicvl analysis, gave lespeetivdy 4 66 and 1; 3^ pel cent , 
wliilo the iihysieal analysis of the same by Mr Baiiett, gave lespeetively 4 56 and 5 22 
PICRIC ^CIU , 01, (Jathazotic And An orgaiue acid largely used as a jellow dyo for wool 
and silk It forms bght yellow octahcdions and needles, of the composition C„1 1 It is 

dightly soluble m water, easily so m alcohol Its solutions have a hush bitter taste I’lcne 
acid IS sometimes used as a test for potassium, as its potis'.ium salt is very slighpy Buluble m 
cold water Pier vte of potassium detonates violently when heated, and has been used as an ex- 
plosive agent 

PICROTOXIN A poisonous organic substance extracted fiom the seeds of rocrulu^ iiiUtctis 
Composition Cjnlli^Cg It cijstalhses in stellate gioups, which are while, iiiudoiuus, and neu- 
ti.d Its taste Is intensely hitter 

PICTUR (Abbi'eviatcd from Lquulcus Putotiiib, the paintci’s easel) One of Lacaille’s 
seuthorn constellations 

PlEZOMETEll See Compt essihilUg rf Liquids 
PIG IRON See Iron 

PIGMENTUM NIGRUM (Black pigment ) An opaque coating which covers the cho- 
roid coating of the eye (See Eye ) 

PILE, DRY See/hyfVc 
PI LE, VOLTA’S See VolUi's Pile 
PINION See Rach and Piiiton 

PISCES (The fishes ) A sign of the zodiac The sun enters this sign on about the 19th 
of February, and leaves it on about the 21st of Alaieh The constellation of the same iionio 
occupies the zodiacal region corresponding to the sign Anus Within this constellation aro 
seveial very interesting double stars, among which the star Alpha Piseiuni, a well known 
binaiy, is worthy of special mention 

PISCIS AUSTRALIS (The southern fish ) One of Ptolemy's southem constellations 
Its chief brilliant is the star Fomalhaut, commonly recognised as a first-mugnitude star, but 
estimated by Sir John Hersohel as one of the second magnitude only, though nearly the brightest 
Of the class 

PISCIS VOLANS (The flying fish ) One of Bayer’s southern constellations 
PITCH, m mujic, m the general sense, is the number of vibiatioiis per second which consti- 
tute a note 'I hus, the pitch of one note is three times as liigh as another when the first con- 
sists of three times the number of vibrations in a bceoud The vibialions in Germany and 
Englanfl are usually considered as the complete ones — that is, the swing to and fro of the parts 
the sonorous body. In France, a vibration is half this, or a swinging to or fro *The pitch, 
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in the more limited or technical aenae, signifies the arbitrary or conventional relation betwrew 
the name of a note and the number of vibrations which produce it The pitch now most isua^ 
adopted is the French standard pitch, or that of the “ normal diapason,” which represents the 
note A in the treble stave, and which consists of 435 complete (English) vibrations per second 
English concert pitch A consists of a few more vibrations per second The pitch of the same 
nominal note vanes in different countnes, and has varied in all countries from year to ) car 
before the establishment of the French standard, which promises at last to fiv the lelation 
permanently 

PITCH CIRCLE In toothed wheels, the circle which would bisect all the teeth When 
two wheels are in gear, they arc so arranged that their pitch circles touch one another (See 
Toothed Gear ) 

PLANE MIRROR A reflecting surface perfectly plane, used to reflect incident rays of 
light without affecting their convergence, divergence, or parallelism (See Mirror) 

PLANE POLARISATION (See Polarisation Plane ) 

PLANET (irXavd.o/Mi, to wander , uarrip r\avlfTr}s, a wandering star ) This name was 
originally intended to distinguish those celestial bodies which change their place upon the 
heavens , but the term is now limited by astronomers to those sobd and massive orbs i\ hich 
revolve around the sun at different distances, in nearly circular orbits It includes two distinct 
families — the major plamls, Mercury, Venus, Mars, Jupiter, Saturn, Uranus, and Neptune 
(within which f.unily the earth, though not, astronomically speaking, a planet, must jit be 
included, falling into place between Venus and M irs), and the minor planets 01 zone of asttroids 
revolving between the orbits of Mars and Jupiter The family of major planets may also be 
itself subdivided conveniently into two portions, the mtra asteroidal planets, Mercury, Venus, 
the Earth, and Mars, and the extia-asteroidal planets, Jupiter, Saturn, Uranus, and Niptimc 
This subdivision is not arbitrary, since the char ictenstics of the planets travelling within the zone 
of asteroids differ in the most marked manner from the characteristics of the planets travelling 
outside that zone 


Under various heads will bo found a full account of the apparent motions of the planets and 
the interpretation of those motions, mv oh mg the recognition of the planets’ real motions (see 
Ptolemaic, 2 ’i/rkonic, Copcrnicait, and Niwtonian Sifstems) , the general elements of the planets 
(see Elements) , the asjiect and physical habitudes of each planet (see Mercury, VtiMis, &cl, and 
other such matters We piopose here to give a bnef sketch of the relations presented by the 
planets inter se 

In taking a general view of the pi inetary system, we are struck first by the indications of 
law m the orderly sefiuence of the planetary distances Near the sun the distances increase 
slowly, the intervals between orbit and orbit bemg relatively so small that the whole group of 
Ultra asteroidal orbits might be plieed between the orbats of Jupiter and Saturn, with a unle 
interval separating it ftom either Between the orbits either of Neptune and Uranus, or of 
Uranus and Saturn, the whole of the asteroidal zone, and the planets ending within it, i onld 
in like manner be placed, with a very wide interval of separation on either side In consider- 
ing the lelations of distance, we see farther that the rate of increase of the successive orhit-mti r- 
vals exhibits indications of a uniform law of piogression It was the recognition of those 
indications uhich led Kepler, Titius, and Bode to construct that empirical law of assoeiation, 
which commonly bears the name of the last named astronomer (See Bode’s Law ) Although 


wo cannot at present recognise any physical basis for such a law, it must yet not be foi gotten 
that we owe to the attention directed to Bodc’s lawjlhe discovery of the zone of asteroids , and 
farther, that though it fails m the case of Neptune, yet neither Adams nor Levemer would, in 
all probability, have been willing to undertake the analytical search for this planet had they 
not been aided by the assurance whidi the law gave them that the unseen orb lay within certain 
limits of distance 

For our present purpose it is sufficient to describe the order of distances of the planets, as far 
as Uranus, as such that each is about twice as far beyond the orbit of Mercury as the next inner 
planet is Neptune on the one side and Mercury on the other, remain thus outside the range oj 
the law The general aecoiiiit of the system is completed by adding that Mercury is about half 
as far as Venus, and Neptune about half as far again as Uranus from the sun 

Next as regards the dimensions of the planets Here it is not so easy to recognise the 
presence even of an incomplete law The mtra asteroidal planets are all small compared watn 
the extra-osteroidal orbs , but within each family there seems wanting all traces of orderly 
sequence Proceeding from the sun, we find Mercury the least of the planets , then Venus 
nearly as large as the Earth , then the Earth , and then Mars which, though larger than Mcrraiy» 
is very much smaller than eithei Venus or the earth Outside the asteroidal zone, we End, firs > 
the giant'plaaet Jupiter, then, Saturn, very much less, but BtiU far larger than all the otLt.r 
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Wanets taken together , next, Uranus, which, compared with Saturn, is somewhat as Mercury 
compared with the earth , then, lastly, Neptune whieh is larger than Uranus (somewhat as Mw 
exceeds Mercury) One can recognise no traces of law hero 

As regards the masses of the planets, the same absence of law is noticed The order of the 
planets in regard to mass is in fact the same as the order with regard to volume , oiilj the rela- 
tive range of variation is markedly smaller, on account of the small density of the largt r planets. 

As legards, agaan, the nature of the schemes swayed by certain planets, it is diflicult to 
recogmse the traces of any law We find aU the extra asteroidal planets provided with atten- 
dants But Jupiter, though the largest, has not the largest attendant system, being far sur- 
passed m this respect by Saturn As to Uranus and Neptune, it would be difiicult to foian on 
exact opinion, since we can hardly imagmo that all the satellites attending on these distant 
woilds haie been discovered (See SatcUtiea ) In the case of the intra asteroidal planets, one 
only, the earth, has an attendant oib With respect to the planetary rotations, sve find some 
traces of law Each of the extra asteroidal planets would seem, so far as observation has }ct 
gone, to rotate in a jicriod of about lo hours , while each of the planets within the zone of 
asteroids probably rotates in about 24 hours But when we consider the dncction of the axes 
of rotation, we find again an utter absence of all apparent law We do not know certainly the 
inclination ot the ei^uaturs of Venus and Mercury to the orbit planes of these planets, but 
it IS supposed to be considerably greater than tho obUiinity of the earth’s crpiator, which is 
about 23 \ degrees The equator of Mars has on inclination of about 28 degrees Passing 
beyond the zone of asteroids, we find the equator of Jupiter inclined little moic than 3 degrees ; 
that of Saturn inclined upwards of 26“ , that of Uianus (it is supposed) about 75 degrees , and 
the equator of Neptune so abnormally placed with reference to the direction of his rotation 
(assumed to correspond to the motion of his satellites), that his inchnation may be described as 
neatly 160 degrees 

In consideiing those relations which belong to the general aspect of the planetary system, 
wo find that beyond the general laws acconiuig to which the planets travel in nearly circular 
orbits, all m the same direction, and neaily in the pi me of the ecliptic, there are few tiaccs of 
orderly aixargemcnt The planet Mercury has the most cccentiic orbit and the one which is 
most inclined to the plane of the ecliptic Venus, on the other hand, while coming next to 
Mercury in respect of the inclination of her orbit, has the least eccentric orbit of all the primary 
planets Uranus has an orbit of considerable eccentricity, but very little inclined to tho ecliptic, 
while the path of Neptune is nearly three times aa much inclined to tho ecliptic, but n >t nearly 
so e..( entnc as that of Uranus The order of the planetary orbits as rcsjBicts ccceutiicity is os 
follows — 

Eccentricity Fcccntricity 

Mercury, . . 0205618 Uranus, , . 0046578 

Mars, . . . 0093262 The Earth, . 0016771 

Saturn, . . . 0055996 Neptune, . . 0008720 

Jupiter, . . 0048239 Venus, . . 6006833 

Whereas aa respects mclmation the order la— 

Inclination Inclination 

Mercury, . , 7° o' 8 2“ Neptune, . . 1° 46' 590" 

Venus. . . . 3° 23' 30 8" Jupiter, . 1" 18' 40 3" 

Saturn, . . 2° 29' 28 1" Uranus, . 0° 46 29 9" 

Mars, . . . l‘‘ 5 t' 51" 

It must be remarked, however, that properly speaking the ecliptic is not a suitable plane of 
reference for the inclinations, however convenient for terrestn il astronoim rs 'i’lio true plane 
of reference is the medial plane of the system, or that plane with reference to which all tho 
orbit planes oscillate The plane of Jupiter lies very near to this plane, and considered with 
reference to it, the orbit-planes of Mercuiy and Venus are appreciably less inclined than they 
appear m the above table 

There are few more interesting chapters m the history of astronomy than those which treafi 
®f the mathematical relations presented by the planetary eccentricities and iiiclmations Seeing 
these elements as we do undergoing gradual processes of increment and decrement, continuing 
apparently without change for long periods m a definite direction, astronomers were in doubt, 
until mathematics solved the difficulty, whether the planetary system were m truth stable. 
Or whether mayhap processes might not be in action which would go on with gradually increasing 
effect qptil at length the whole system would go to wrack Gradually, however, the progress of 
analysis revealed the true interpretation of these processes, and showed them to bq)ong not to 
changes tendmg contmually m one direction, but to oscillatory variations proceeding m orderly 


conBiatmg of a thm cord suspended by one end from a fixed point, and having attached to the ^ 
Other end a smaU weight usually consisting of lead When a plumb-line is left perfectly free, 
the weight, being acted on by gravity, causes the cord to take npa position perpendicular to the 
general direction of the earth’s surface The plumb line, variously modified, is widely used in 
the arts, to test and determine straight and vertiCid lines, as well as horizontal lines by applying 
the fact that the plumb line always makes right angles with the horizontal Thus, m the 
mason’s level a board is taken with one side planed, and a perpendicular is raised upon it, 
called the sqiuire-hne A plumb-line is suspended from a point in this perpendicular, so that the 
weight may oscillate in a hollow made in the board Then, if the surface to be tested is hori- 
zontal, the plumh-line will cover the square-line when the mstrument is placed upright u2ion the 

PLUVIOMETER {Pluma, rain ) See Ea%n Gauge 

PNEUMATICS Pneumatics is the mechanics of gases This science is usually understood 
to embrace aerostatics or tho cquibbnum of gases, and aerodynamics or the motion of gases 

POINTERS, THE A name given to the stars a ami /3 m the constellation Ursa Major, 
because they he nearly on a great circle through tho pole of the heavens 

POINTS, CONSECUTIVE OR CONSEQUENT CmiaecuUvc Pmntt 

POINTS OF THE COMPxVSS Tho card of the manner’s compass is divided into thirty- 
two equal angles by lines drawn through the centre, and the extremities of tho hnes aie called 
the poiJiti eg the compass 'The division is made m the following way — Two diameters are 
drawn at right angles to each other, one of which is called the north and south line, the other 
the east and west line , and in the common compass, m which the card is attached to the ncb<lle, 
the axis of the needle is jiarallcl to the former of these At the extremities of it are marked 
the letters N (north), S (south) , .md at the CYtrcmities of the other Imc, tho letters E (cast) 
and W (west) The nght angles formed by these lines arc bisected to obtain the next points, 
and these are named from their positions on the card Thus, that between N and E is called 
N E (north east), and the others in a similar way, S E , S \V , and N W respectively Ag iin, 
eight new hues are drawn to bisect the eight angles, thus making up sixteen of the thirty two 
points, and the eight new hnes are named as follows — That between N and N L is called 
N N E (iiorth-noith east), that between N E and E is called E N E , and the otheis E S K , 

S S E , S S W , W b W , W N W , and N N W , according to their position Ijastly, sixteen 
more lines ate drawn bisecting once more all tho angles, and the names of these aie di->tm- 
guuhed by the characteristic word Sy The* first line on the east side of N is called iiotth Ay 
east (N by E ) , the lilie to the north of N E , N E by N , that to the east of N E , N E, 
byE , and BO on The list of all the pomts standa as follows — 


N. 

E 

S 

W 

N hy E 

E byS 

S byW 

W by N ■ 

N N E 

ESE 

SS W 

WN W 

NE byN, 

SE byE 

SW byS. 

NW by W. 

NE 

SE 

S W, 

NW 

N K by E 

SE byS. 

S W by W, 

NW byN 

ENE 

S SE 

wsw 

N NW 

E byN. 

S by E 

W. by S. 

N byW 

repeating from memory the names 

of the points is called by sailors 

“boxing the com- 


pass " 111 naimng directions, the angles between the points are very frequently subdivided ag im 
by what are called half points and (ju irter points Thus, for exanqile, in proceedmg from N 
to N by E , we should have N by -j hi , N by ^ E , N by f E , N by E , and so on for the 
rest Since a circle is divided into 360“, the angle between each point is ii°i5', and tho 
emaUest division is thus one quarter of this, or 2” 4^' 45" The pomts of the compass are called 
by sailors rhumbs 

POISON (Potio, to dnnk ) Any substance which rapidly destroys life when taken inter- 
nally 18 popularly called a poison , but when a more exact defimtion is sought, it is not easy to 
find, for in most cases the distinction between a xioison and a harmless, or even a remedivl, sub- 
Btance, is simply one of degree Many poisons, such as strychnine, prussic acid, corrosiv e subli- 
mate, and arsenic, become valuable remedies when judiciously employed in minute doses On 
the other hand, many common medicines, such as morjihia, quinine, calomel, and citrate of 
potash, are poisonous in l&rge doses The coiitagia of epidemic diseases, such as cholera, small- 
pox, and scarlet fever, ore supposed to he definite ferments, endowed with the vital pow'er of 
Belf-muUiplication and propagation They should therefore be classed amongst poisonscof the 
most vinileift and deadly character 

POLAR GLOGH. An instrument constructed by Sir Gharles Wheatstone for ascertaining 
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the hour, by observing the amount of polariaation of the sky It consists of a tube pointing m 
the <hrection of the earth’s aMS, fitted with a double image prism at the louoi likI ns an eye- 
piece, and a small hole, covered by a thm plate of selcmte, at the cud winch points to the north 
pole in the sky The double image prism is capable of rotition, and caiiics an index; which 
points to the hours engiaved on a semicircle plane of poHri-, itiori being always 90° fima 

tlie sun, when the eye-piece is once properly adjusted, and then rotated until the position of no 
colour IS gamed, the index will point to the right time 
POLAR DISTANCE, NORTH The distance of a celestial object from the north pole of 
the heavens, measured along a gieat circle pissing through the poles It is usually measured 
through 180°, so that astronomers seldom speak of sotU/> pdar did mice 

rOLARlMETER A polanscope so aiTaiiged as to enable the amount and character of 
pol insatioii to be measured as well as seen (See J*ulariscope, Sutchaiometei , JRiyhi-ltanded 
and hfft-handed Polarisation ) 

POLARIS (The pol ir star ) The star a of the consti llation Ursa Minor It is at present 
quite close to the nuith jiole, ind will coiitmiie for many ceiitmies to bo the polar star of the 
noi them heavens, though after a time precession will remove it from the position it at present 
holds 

POLARISATION BY ABSORPTION We have explained, under the luading Poffu isa- 
tioii of Lviht, that when common light passes through a slice of touiiii iliiie, 01 a ei_ystal of hera- 
inthite, the light polarised in one plane is absmbtd, whdst tint polarised in the ojipositc plane 
IS transmitted 

POLARISATION BY DOUBLE REFRACTION See Pdai isalion Plane 
POLARISATION, CIRCUTjAR See C'ntulai Pulaniation 
POLARISATION, COLOURED See Cdouis pioduitd hi/ Cnculai Polaiimtton 
POLARISATION, ELT/IPITCAL See hlhplual Polanmlioii 

POLARISATION, MAG-NETIC See Ciunlar Polarisation induced hy Muqnctic Action 
POLARISATION OF HEAT Heat is eapible of being pohiiised in the same manner aa 
light De la Prevostage and Desains have shown (Attnahs dt Uhimii it dc P/it/tiijut, t 27, p. 
109), that when a beam of radiant heat is passed through a rhonib of Iceland spar, it is split up 
into two ef^ual beams, both ot whuh are jiularised, the first in the jiiiiicijtal plane, the second 
in a plane at right angles to it Heat may also lie |K>laiiscd by iiricctiun, and, under certain 
conditions, by emission, conformably to Aiago’s discovery that iiKaiiilcsdiit sohdH and hijuids 
have the propel ty of eunttiiig light which is inoie or less polaiisdl Malus, the discovcicr of 
the polansation of light by lefleetiou, showed th it licit is Lajiible of poliAisation, and Bcrard 
made experiments on the subject as ciirly as 1812 (Mt moires d'Aiieud, vol 111) Foi bus proved 
tbit heat passes far more readily through two plates of tourmaline eutpaiallelto the axis, than 
when the axes are crossed In the else of light, ns is described clscwhcic, two parallel plates 
of tourmaline transmit, wLile crossed plates entirely stop, an incident beam This is one of the 
many analogies between radi int heat and light 

POIjARISxVTION of THE SKY The light from a clear sky is jiolarised, the maxi- 
mum effect being go“ from the sun, consequently as the position of the sun vanes from hour to 
hour, the plane of maximum polarisation vanes also Upon this fact Sir Charles Wlicatstono 
has based his ingenious Pdat Clock, which see 

POLARISATION, PARTIAL If a ray of light falls upon a rcHocting surface of glass at 
any other than the polarising angle, it becomes pai tially iiolarised, the amount of polansation 
dejiending upon the neamess of the angle of mcidence to the polansing anglec Partially polar- 
ised light does not consist of a mixture of fully polaiised and unpolaiised light, but the wholo 
of it has suffered a change of properties By repeated reflections from a Ruif i< o at an onglo 
lu'.s than the polarising angle, common light gradually passes from partially to completely polar- 
ised light 

POJjARISATION PHOTOMETER Mr Crookes has devised (Proc Royal Society, 1869, 
P 358)1 n method of measunng the luminous mtcnsities of two sources of light irrespective of 
their colour, a desideratum which other photometers will not accoiiiiihsh It is necessary that 
neitlier hght should bo at all polarised, and the method then hcconu s susceptible of very great 
accuracy It is impossible to describe the instrument without drawings, but the pnnciple is aa 
follow B — Each beam of light is spht into two, polarised in opjiosite diroetions (say vertically 
and horizontally), by means of a double image pnsm The vertically polarised beam from one 
of the lights is then superposed on the horizontally polarised beam from the other light If the 
two sources of light were equal in intensity, their respective halves must also bo equal, and 
being equal in mtensity and of opposite polonsations, theii superposition must reproduce a beam 
of common light, polansation being neutrahsed There will thert.fore be no free polaaised light 
in this compound beam. If, however, the two hghts aro unequal, the polarisation of tho 
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stronger will overpower the opposite polarisation of the weaker, and the problem then consKtsk 
simply m measuring the amount of polarisation present, or, more simply, m altering the rt la. 
tive (hstances of the two lights from the photometer until free polarisation vanishes The 
standard light devised by Mr Crookes for use with this instrument is obtained from a definite 
mixture of absolute alcohol and pure benzol, burnt in a specially constructed lamp, haviu'i- a 
platinum wick 

POLARISATION PLANE A ray of ordinary light is supposed to be caused by vibra- 
tions of a highly attenuated medium, occumng in all directions across the direction of the 
ray, but a ray of polarised light is caused by these vibrations occunmg in one plane only 
Certain crystals (Iceland spar, for instance), possess the property of double refraction, that h to 
say, a ray of common light passing through, them is divided into two polarised rays, which take 
slightly different directions, the plane of polarisation (or vibration) of ono ray being at right 
angles to that of the plane of polarisation of the other ray One ray suffers refraction, accord- 
ing to the ordinary law for transparent bodies, and this is called the oidinary tai), whilst the 
other, called the extraordinary ray, is refracted according to a new law The ordinary and the 
extraordinary rays emerge from a pnsm of Iceland spar parallel to each other, and to the oii- 
ginal direction of the incident ray By recombining the two oppositely polarised rays common 
light IS reproduced If common light is compared to a cylindrical body, such as a round mkr, 
polarised light may bo compared to a flat ribbon In the case of Iceland spar both polarise d 
rays aro transmitted, but by cutting and recementmg the halves together in a particular manner, 
the extraordinary ray is totally reflected, so that it passes out of the field of view, whilst the 
ordinary ray only is transmitted This arrangement is called the Nicol pnsm (winch sto ) 
This IS called plane polarisation by double refraction Some crystals possess the property of 
transmitting only one polarised ray The tourmalme and crystals of lodo sulphate of quinine 
or herapathite are of this charaiter, they may be compared to a grating of narrow paialklbirs, 
allowing the passage of only those vibrations winch are parallel to the direction of the bars 
Erom its property a tourmilino (and also a Nicol prism) is called n polanser, and if light wliiih 
bas passed through a poUriaci is received upon another polanser m the same diro,ttion as the 
former, it will continue to be transmitted, but if the second polanser is at right angles to the 
first, the ray will be stopped by it For instance, a flat ruler u ill pass through any number of 
gratings parallel to its plane, but -will be stopped by ono at right angles to it Light may ako 
be polarised by reflection fiom a polished surface The angle at winch the light must bt- im i 
dent, so as to obtain the mavimuin polarising effect, depends upon the refractiv e index of the 
reflecting body, the lS,w being that the polansing angle is the complement of the angle of re- 
fiaction The oppositely polarised ray passes thiough the glass, and is said to be polarised hy 
refraction The rays of polaiiscd light are capable of interfering and producing colour hho 
those of common light The phenomena ot coloured polansation arc amongst the most gorgeous 
m the vholo domain of optics (See Colours pioducid hy Polarisation ) 

POLARISCOi’E An instrmnont for showing the phenomena of polarised light It con 
Bists esse ntially of a polanser and an analyser, with an an’angcment between the two for sup- 
porting the object under exainiii ition, whether it be a selenite film, a slice of a crystal, or a 
piece of unannealed glass The polanser for large objects is usually a plate of black gl iss fised 
BO as to reflect light into the instrument at the propel polansing angle , but for small objccM 
it may be a Nicol pnsm, a tourmaline, or a crystal of herapathite The analyser which comes 
next to the eye may also bo cither a tourmaline, herapathite, or Nicol pnsm 

POLARISED LKjrHT Light which has had the property of polansation conferred upon 
it, either by reflection, refraction, or absorption It may be either plane, circular, or elliptical 
polansed light (See Polansation, Plane ) 

POLARISER A reflecting plate or transparent crystal, by means of which common light 
IB converted into polansed light (See Polai iscope ) 

POLARISING- ANGLE The polansing angle of a transparent substance may be ascer- 
tained by Sir David Brewster’s law, that “ the index of refraction is the tangent of the angle of 
polarisation.” The maximum polansing angles for several substances are aa follows — ■ 

Water, . , . 53 * 1 1' 

Glass, . . .56° 45' 

Rock ciystal, . , 56° 58' 

Iceland spaf, . , 58° 51' 

Diamond, . . . 68” i' 

The following table shows the number of reflections from a surface of glass requiretfto com- 
pletely polarise light at angles above or below the maviTnnm polansmg angle (See Brewster s 
Optics, p, 173 ) 


POL 


441 


POL 


Below the polarising angle 

Above the polarising angle 

No of 
Beflectlons 

Angle at which the 
light IS polarised 

No of 
Botlcctions 

Angle at whlcl th 
light Is polaiiscd 

z 

SQ* 45 ' 

1 


2 

50 36 

2 


3 

46 30 

3 


4 

43 5 * 

4 

67 33 

5 

4 ' 43 

5 

69 I 

6 

40 0 

6 

70 9 

7 

33 31 

7 

7 ' S 

8 

37 20 

s 

7 t SI 


POLARIS iNG MICPOSCOPE In the best forms of compound microscope, i pol(jrisa, 
generally a ^icol’s pnam, la attached below the stage , and an anilyscr, (another Xicol’s piisin,) 
la fixed above the object glass, in this manner forming a polariscope in wliieh any crystal or 
other transparent object on the stage may be examined (See Polut i»t opc } 

POLE (ir4Xos, a pivot or axis ) In astronomy the name given to each of the t\\ o points 
m which the imaginary axis of the c( Icstial rotation, or the axis of the earth, would, if pro- 
duced, meet the apliere of the heavens The term is also used in lalronomy, as in Hplicm il 
trigonometry, &c , to indicate the poles of any great circle of the sphere , m other woiils, the 
extremities of the line drawn at right angles to the plane of the (iicle through its centic to 
meet the sphere In this sense astronomers speak of the poles of the ecliptic, and so on 
POLE, MAGNETIC See Mnanetie Pole 

POLEMOSCOPE (iroXe/toy, war , and aKoveu, to view ) A tube bent twice at nght 
angles witli'wbhque leflectors at the angles, so arranged that an ohject can be tx iinuicd without 
the observer being seen It is useful m war foi getting a knowledge of the enemy’s move- 
ments, without causing the obsen er to be exposed to danger 
POLE, NEGATIVE, OF A GALVANIC BATTEUY The extremity of the bittrry 
which becomes negatively electrified before the two extremities are joined by a conductor 
(See Batlcry, GuliamL, and Pole, Posttnc ) • 

POLE, POSITIVE, OF A GALVANIC BATTERY, is the extremity of tho battery 
which becomes positively electrified before the two extremities are joined by a roiidiu tin (Ri e 
Battery, Galvanic ) The current, according to our conventional w vy of S]ic ilcing, pt'-si s thiough 
the liquid towards thcpositive jkiIc, and through the interpular coiidiietois from tin positive jiole 
POLE, UNPr See Unit Pole 

POLLUX The star /3 of the constellation Gemini. It is somewhat brighter than tho other 
twin star Castor It is multiple 
POLY-CHROISM See Bichrottm 

POLYGON OF FORCES (iroXiJywvoj, many-angled, and consequently, many sided, 
ywvoi, ytl/na, an angle ) A piincijile, said to have been disiovcrod by Leibiut/, by winch we 
may find the resultant of any number of forces (in one plane) acting upon a point It may be 
thus stated — If any number of forces act upon a point, and a iiolygnii be desenbed, h iving the 
hne representing one of the forces for one of its sides, and the rj,iiiaimug Hides sutctssively 
parallel and equal to the lines representmg the other forces, tho line which comiihtes tho 
polygon will represent the resultant of the forces The proposition is jirevcd by finding tho 
resultant of each pair of forces by the parallelogram of forces, and then further compounding 
these resultants The single resultant which is finally obtained is found geoinetiicrflly to eom- 
oide with the side completing the polygon From this it follows that xvhen a nuinbc'r of forces 
8®ting upon a particle can be represented in magnitude and direction by the^ sules of a closed 
polygon taken in order, the forces are in eqmhbnum (See Parallelogram of lorccs, Tt tangle of 
Forces ) 

POLYZONAL LENS Sir David Brewster constructed a large convex lens of flint glass 
three feet in ebameter, built up of many zones and segments, the pieces being each grouncl to 
the proper mirvature, and afterwards cemented together Lenses of this kind are now intro- 
duce into hghthouses , they have the advantage of being constructed of any diameter , and 
curving the different surfaces so as to make the foci of each zone coincide, the spherical 
aberration may be practically corrected Lenses of this kind .vould not be perfectacnough for 
employment m cases where the formation and exammation of an image is requisite. 












PON 


442 


POS 


PONTOONS (Fr ponton , L pons, a hndgc ) Portable floating vessels for making' mili^ 
tarv bridges (See Bridges ) ^ 

POROSITY (Lat porositas, from Gr iripos, a passage ) A term used to describe the fact 
that in all matter with which we are acquainted the constituent particles me not mnfomilyanj 
completely contiguous to one another, but are separated by inteivening spaces or pores 'Ihe 
density of a body bears an inverse ratio to its porosity (see Densiti/) , thus gold and platiiiiun 
bemg of great density, are much less porous than cork, or than any lujuid or gas It was at one 
time thought that the heavy metals were so dense as to possess no jiores whatever , and to solve 
this question an erpc-riment was performed nt Florence m i66l upon gold, one of tlie heivieit 
substances A hollow sphere of gold was filled with water, and securely closed It was then 
subjected to a pressure so great as to alter the foim of the sphere Now, it may be juovtd by 
geometry that a given surface encloses the greatest possible space when it is in the foim of a 
sphere When the experiment w,ia tried, therefore, it was expected that either the liquid would 
be compressed or that the vessel would burst But a slight compression of the hipud occurnd , 
the poiosity of the gold was proved by the appearance of tho water like dew on the extLnor 
of the sphere, no bursting or other injury to the integrity of tho globe taking place 

The pores of bodies may be filled by other substances whose particles are smaller than the 
pores Thus, in filtiation we separate from liquids various solid particles which are too large 
to enter or pass through the pores of the filtering material, such as papci, charcoal, i,c , wliilo 
tho liquid will enter and pass through them When the pores are not filled with othei sub 
stances they are usually filled with air When sugar is dissolved in water the air is seen to 
rise to the surface of the liquid in bubbles, and very frequently under the receiver of an air- 
pump substances placed m water may be seen to give up the air which was contained in 
their pores, as the receiver giadually becomes exhausted 

The porosity of liquids is shown by an expeiimeiit such as the following A glass instrnnient 
13 taken, consisting of two connected bulbs and a tube, having a very narrow nock, so th it a 
small decrease in bulk invy be noted A rpiautity of watci is placed within the instniment, and 
it 18 then filled up with spirit of wine , after agitation, an empty sp ico will be seen at the top 
of the neck, showing that the particles aic closer togethci than they had previously boon 
Many metals become more dense by hammciuig, and all metals decrease in volume as they 
are rendeied colder, so that the pai tick's cannot ^ in complete conkict The passage of gwes 
through tho pores of metallic septa has leccntly aflorded a fruitful field for investigation (See 
J>i(luswu of tittaes, and the papers of J leville and Troost, Phil Mag IV , xxvi 336, and Gvah.uu, 
Phil Trans, lS6(J ) (Graham’s conclusions as regards degrees of porosity arc that “thcio ip- 
pear to be (i ) pores tbroiigh which gases pass undci pressure, or by capillary transpiiation, as 
in dry wood and many minerals , (2 ) ports through which the gases do not pass under 
pressure, but pass by their proper molecular movement of diffusion, as in aitilicid 
graphite , and {3 ) pores through which gases pass neither by capillary transpiration, 1101 by 
their proper diffusive movement, but only after liquefaction, such as the jioies of wioii;^ht 
metals, and the finest pores of graphite ’’ (See Deimtg, Vomprissilddy , Capillmity ) 

POSITION OllUJIiE A polished metal circle grailuated from 0° to 360°, and somctiincs 
attached to a micrometer eyc-picce, the equatorial mounting of a telescope, &c , and generally 
wherever any portion of an instrument has to be rotated, and the angle through which it moves 
measured Applied to an equatorial telescope the position circle on tho polar axis is called tho 
rnjht ascension cirile or hour circle, and the one attached to the telescope is called the dichna- 
tion circle These clicks are Bometimes many feet in diameter, and are subdivided to numites, 
and with Vei nitres may be icad to seconds, and even less (See Ilour Circle, Declination Cade, 
Vernier ) 

POSITIVE AND NEGATIVE AXIS OF CRYSTALS Common light falhng on a 
donbly-refracting crystal in any direction except along tho axis, is split up into two pokii-ed 
rays, the ordinary and the extraordinary ray, which advance with unequal degrees of vclocitv, 
and are refracted differently When the extraordinary ray advances more rapidly, it is refracted 
towards the axis, and the crystal is said to have a positive axis , but when the extraordinary 
ray advances least rapidly, it is refracted /rom the axis, and the ciystal is said to have a negv- 
tive axis Iceland spar and arragonite have negative axes, quartz and seleUite have posi- 
tive axes {Sec Gi ystals, OptiG Axes of , Crystals, Double Rtf ruction of ) 

POSITIVE EYE-PIECE This eyc-piece is generally used in telescopes and microscopes, 
where it is desired to use it m conjunction with a micrometer. It consists of two piano conv ux 
lenses, the convex sides turned inwards, and tlicir focal lengths equal They are placed at such 
a distance apart that the equivalent focus falls a little m advance of the field lens, so tlj|it the 
threads of the micrometer can be accurately focussed without particles cf dust, &c on the field- 
glass bemg visible. (See £ye-piece. Negative Eyc-wece, Mieronteter Eye-piece ) 
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iPOTASH See Potassium 

POTASSIUM A metallic element, compounds of which arc very widely ( 1 iITh<i ((1 It waa 
first obtained in the metallic state by Davy m 1807 by the electiolysis of its hjdKited oxide 
It IS a bluish white metal of a pasty consistency, and easily welded when two clean sm-farcs aro 
kneaded together between the fingers Specific gravity 0865 , symbol K, fiom Iv ibuin, a 
name derived from the Arabic Kali , atomic weight 39 i It melts at 62 5“ C (144 5’ P ), and 
at a r. d heat distils, forming a beautiful green vapour The affinity of potassiinn bn oxjgen 
13 very great A freshly cut suiface instantly tarnishes in the air, anil when a sm ill picoo of the 
metal is throvm into water it decoiiyioses it, liberating the hydrogen, and evolving so iiiiicli in at as 
to cause the ignition of the gas, which bums with a violet Home, whilst a globule of the melted 
metal floats on the surface of the water, and the remaining globule of red-hot potash hnally 
disappears with explosion as it unites with the water Heated with bodies containing oxygen, 
potassium quickly decomposes them The metal can only bo preserved by covering it with 
mineral naphtha — a hydro caibon fine from oxygen, iind siifheiciitly light to allow the jiot ismum 
to sink in it Potassium is obtained by heating a mixture of caibonato of potassium, c uboiiato 
of calcium, and ( arboii, to whiteness m an iron tube arianged as a retoit The potassium is 
set free by the oirbon, which takes its oxygen, forming carbonic oxide, and distils ovci, .uid is 
received in vessels containing naphtha The componiuls of potassium arc muueious, ind many 
of them important The pniicipal ones are as follows — 

Pottt’th The hydrated o£ule or hydrate of iiotiissinm, frequently called eaiishr potash, 
Bymhol K2O II3O , or KHO , specifii gravity, 21 It is white and 1 lystallme, milting hi low 
a red heat to a clear liquid, and volatilising at a higher tenqiciatinc hiXpesed to the air 
it r ipidly absorbs water, and becomes carbon itcd It is very soluble in wiitei and aholiol, 
and its solution has a powerful corroding action on anini il nml veget ible xiibstini 1 s, on winch 
account it is sometimes used as a caustic in surgery Its solutionis iiili iiscly alkaline , it tuins 
htniiis-papcr blue, and tumienc paper browu It nenti ilises all aeuls, foimmg, foi the most 
p lit, well defined and crystalline compounds (For a description of iJie most imiioi taut of these 
set the names of the acids ) It is of great value in the laboratory as a reagent, botli mi ii i ount 
of its powerful affinity, in the liquid and bulul stite, for carbonic acid, and also 111 solution os a 
precipitant for heavy metallic oxides from their salts 

Chloride of Potassium, (KCl) is found native at Stassfnrtli, and is known under the mineral- 
ogical iiamo of Sylvine It also occurs 111 sea water and liiiiie springs It iiystallises iii t iibes, 
which dissolve easily m wvter, hut are very slightly soluble in alcohol The cryst ils are per- 
manent in the air, taste soincwhat like common salt, and when heated clccr*]>itatc>, and molt at 
a dull red heat, volatilising at a higher tenqMJiatnre 
ifrojiHdc 0/ Pfltnsiium (Klii) foims bnlliant cubical crystals, easily soluble in water, decre- 
pitating and melting below redness 

Mlide of Potassium' (KT ) This salt forms cubical crystals, usually white and opique. 
They are pemiaucut in the air, and melt below a red heat They are vciy Holiiblc' 111 wit^r, 
and tolerably so m alcohol A Bolutioii of lodido of potasbium disbolvcs lodiiic, funning a deep 
brown solution 

Plnoride of Potasnum (KF ) This is a deliquescent crystalline compound, very soluble in 
water, forming a solution having an alkaline reaction and sharp taste It forms double salts 
with other fluorides 

Cyanide of Potassium (KCy ) A compound of potassium with the compound radio il i yano- 
gen (Bee Cyanogen ) In the pure state it forms cubical crystals, but, as usually nu t with, it 
19 a hard, white, opaque fused mass, very soluble in water, and ileliqueseiiig 111 tin an In this 
state it contains also cyanatc and carbonate It is much employed in photography 
POTENTIAL, ELEOTIHC A term applied by George Green, of Nottingham, and much 
Used with respect to the mathematical theory of electneity The eouceiitioti of the potential 
Is, however, by no means confined m its connection to electricity , it belongs, in fact, to the 
theniy of attraction generally 

Sir William Thomson thus defines electric potential (British Association Iloiiort, 1852, Phil 
1853) — “The potential at any point mthc nfighbonrhood of or vvitbin an ilictnfied 
body, IS the quantity of work that would be requireif to bung a unit of positive olectncity from 
an infinite distance to that point if the given distribution of electneity reiiiainid unaltered " 
He also speaks of the difference of electric potential between any two i>oiiits as the quantity of 
■Woik recpiired tumove a unit of elecdncity from one point to the other The dilfireiice of 
potential between any two points is the electromotive force l)e*twcen them A difference of 
*ilectnc potential between two points tends to produce a transference of electricity fiom one of 
them to the other, • 

F nctioQ of vanous bodies, the motion of magnets, chemical action, dec., alter the potential of 
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ccrtnin. points, or maintain a difference of potentials bet-ween them, -winch gives nae to Vj 
electric current 

The difference of electric potential between two points is unity, if a unit of mechanical 
work IS spent in transferring unit quantity of electricity from one of the points to the other 
When, instead of a difference of elcctnc potential between two points, the potential of a point 
simply is spoken of, the difference of potential between that point and the earth 13 referred to 
or, in fact, the electromotive force between that point and the earth ’ 

A surface at every point of which the potential has the same value is called an cquipotcntial 
surface On such a surface the attraction is at each point normal to the tangent plane at tlic 
point, for there is no change of potential from point to point in any direction along it, and 
therefore there is no force in any such direction In any space the lines of force obviously cut 
all equipotential surfaces normally 

When a current is passing through a circuit the potential is different at every point along the 
circuit The difference from point to point depends upon the resistance between the points and 
the electromotive force of the source of clectiicity 

With these few but import int definitions and explanations, we must refer the reader to 
Thomson ami Tait's Treatise on Natural Philosophy, and to the papers of Thomson, Bnti^h 
Association Report, 1852 , Philocophical Magazine, 1853 , Proceedings of the Royal Society, 
i860, Plul Mag, 1S60, wlirre full information, -with the statement and proof of soiious iiu 
portant propositions, will be found 

POWER In mechanics, any force which, applied to a machine, tends to procTuce motion 
The mechanical powers are the six simple inachmes, namely, the Icier, the wheel and ajU, tin 
pulley, the inclined plane, the screw, and the iteJtje 

PK^dilSEJ’]'] (A beehive ) In astronomy, a fine cluster of stars in the constellation Cancer 
on© of the few known to ancient astronomers 
PRASE See Qvaitz 

PRECESSION OE THE EQUINOXES A gradual change in the position of the noilci 
of the earth’s equator on the ccliptio Its nature is such that the nodes of the cilcsti d cgiiatoi 
on the ecliptic — in other woids, the first points of Aiics and Inbra are continuallly tianlliii 
along tho ecliptic in a (In cction contrary to the older of the signs I’ho me in rate of tlu 
motion IS such that a coiiqilctc rcvolutmn of the nodes is aceomplished in 25,866 years qiiu 
the mean animal imouut of precession is 50" 10, and the nodes shift one degiee m 71 6 3 cals 
The procession of tho equinoxes was discoveied by ITiiipardiiis (See AiUonuiny ) 

The physical cauf<j of precession 15 the action of the sun .uni moon, and, m a minor degree ri 
the planets, upon the protuberant equatorial portion of the c'aitli’s spheroidal mass It \ic nm 
sider tiny ptiitick of this protulxTant mass, we see that, if free, it would triiel.unuud the i iilli 
and that its mint would be liiblc to clningcs of position resembling m their gcneial cliiiactc 
those which affect the moon’s orbit Now, smee this is true of every jftuiicle, it is cl< ai th 1 
there is a gener.1l tendency in the protuberant moss to bhift as the moon’s 01 bit docs, tint 1 
on the whole, n trogresbivcly, and .it such a rate that a complete resolution of the nodes of tl 
equator pi me would be effected within a moderate number of years But this tendency is rc 
eistcd by tin cohesion winch hinds eicry particle of the protuberant mass to the tcinstin 
globe This globe may bo regarded .vs a mass which these jiaiticles are severally cndcaiouiiu 
to shift in such sort th it the nodes of its equator plane sliall move retrngros&iicly loiind t> 
plane of the ecliptic Now, this action of the particles does prevail to shift the e irth’s iiit-s 1 
tins way , but the rate .at which the change takes place is vciy much slower than th.it at wluc 
the orbit plane of any paiticlu’s motion would shift The actual rate of change will di j>cml « 
the forces at work to produce the change, and on the mass of the earth The sun, of couI^< 
exerts an influence here precisely resembling that which he everts on the moon’s orbit 
the moon also holds a position with respect to each of the imaginary particles, concspoinling * 
that which the sun holds with respect to the moon Each particle travels round the eaith 1 
a plane not coinciding with the plane of the moon’s orbit , and therefore the moon at all time' 
except when on the plane of the equator, tends to modify the position of each particle’s pl-ii^ 
of motion precisely as the sun modifies the position of the moon’s 

Here, then, we have a general explanation of what is termed tho luni-solar precession of 
equinoxes But the lunar precession is affected by a peculiarity which still remains to be 
counted for Wo have seen that the moon’s action depends on the inchiiation of her oibit lO 
-he plane of tho earth’s equator This inclination is subject to an oscillatgry change who'' 
period is about nineteen years Hence also there arises an oscillatory variation in tho rate o\ 
precession, tho nodes retrograding less swiftly than they otherwise would when the illoon s 
clination js less than the average, and more swiftly when the moon’s inclination is greater tlu' 
the average. But further, the inclmation of the earth's equator-plane to the ecliptic is luudih'-^ 
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,y the moon’s action, precisely as the inclination of the moon’s plane to the ecliptic is modified 
,y the sun’s action This change is, of course, also oscillatory, and lias the bamc pcuod as the 
scillatory change in the rate of precession 'I’he combination of these two oscillations cansea 
nutalional motion of the earth’s axis in an elliptic cone round the constantly rctiogradmg 
lean position of the axis, the extent and figure of the cone’s elliptic section bung such as is 
esciibed under the head Nutation {q v ) Laplace, Jhltcantquc Cdettc 

PRECIPITATE A name applied in chemistry to a solid, ■fthich is separated from a solu- 
lon in the amorphous or crystalline form, by the addition of a reagent or csposuie to heat 
r light The process of precipitation is largely used in analytical chemistry and in nianufactur- 
II 'T oiicrations, as a means of sepai iting or purifying chemical compounds. 
iniEDICTIONS, WEATHER See Weatha 

PRESSURE In statics, it is synonymous with force Hence pressure is a force counter- 
cted by another force, so that no motion la produced When a body is laid on a Iioiizontal 
able, Its weight will be countciactcd by the icsistaiice of the table , this icsistaiice is a pres- 
ure A pressure tending to conipicss the body on which it nets is tonued a ihruat when ap- 
iliod fi om without, and a i cacUon when called into existence by a th i ust When a body is acted 

II by tu u equ. I and opposite pressuies which tend to produce clongitioii, e icli is tciraod a 
liatn or tin'll i, the foimer teim being used ivhen tlio body is iiific\ibl(‘, tlio lattir uhen it is 
Icxible Thus we speak of the sham of a tie beam and the tciibioii of a cord h'oi paiaUclo- 
ram of presumes, see Panindivj^am of Films 

' PRESSURE OF LIQUiUS ON TJIE liO'l’TOM OF VESSELS Since (fAul Surface 
f Liquids) whatever he the si/e or sliaxie of the two communicating vessels, the h<iiiid in them 
B at lost when the level of each is the saiiio, we may 8 upi>osc any surface in the Inuml at rest 
0 be the field where two c<]|ual and opposite force s couiiterl) dance one .iriothcr 'J’hus, Lt a 
niiupet shaped tube be bent in tho middle into a U foiin ’The sin face of the hipud wluek the 
ube bolds \i ill be of the same horizontal height in both limbs Since there is iqiiilibiium 
hroiighont, Lheie must be equilibiiuni on cvciy pbane surf lee of the liquid, consei|iiciitly on tho 
/eitieal plane section of tho bend of the tube On the one side of this plane iic iiave i liquid 
uhiiim, tapeimg as wo ascend, on the other an expanding column of iqiiil height Couse* 
picntly the picssurc exerted on tins iiitenncdiate plane does not tlcpeiul upon the total quan- 
ity of liquid above It, but upon its depth below the liquid surface Conceive the tubo to be 
liv idt d 111 tho middle, and bottoms to be supplit il at Ixitli cm Is Tlie resist inces of these boltoma 
Aould be equal to the picssures upon them, and thcicforc equal to one aiiotbei, since tho latter 
iveic so Hence the pressure on the bottom of a vessel containing a liij^nd v iin« with the 
leight of the liquid above it It also, of course, vanes with the sue of the base, bic vuso, tak- 
ng equal and similar vessels side by side*, the picssurc on the two bottoms togetbei ih twice that 

III one , and the same must be true when the two neiglibonnng vessels aie joined into one, 
laviiig therefore abase of iloublc size Consequently, in genual terms, the jiicssiirc on the 
jottoin of a vessel coiitamiiig a liquid is ei|uiltu tho weight of a vcilu.il cyliTuliicil coliinin of 
ivater, whose base is the bottom, and wliose height is the depth of the li<imd Tins pressure 
iho, of course, vaiics as the density of the liquid A Biinpli* c xpciiiiK ntal jiroof of this jtrin- 
iplc may be given by taking a cylmdcr, open at both ends, jd.icing a disc of wood on tlie low*er 
nd, fastening a string to the centre of the wooden di.tt, jiassnig tbe stiing up .dong the axis of 
.he cyliiidtr, and hanging the whole up hy the st' ing Whatevri quantity of w.iter m.iy Ik* poured 
■nto the cylinder, no leakage occurs, because, though tho weight of the < ontained water stiives to 
itusli off the disc, the tension of the stung increases jmi t passu, so lli.»t eqiiililjiiiim is iiiamtaiued. 

PRESSURE THROUUH LIQUIDS— PASCAL S I^AW ’i’ho paits of a rigid body or 
olid arc so bound togetlier by cohesion that a pressure aetiiig on one point m any diieetion 
"ill tend to move the whole of tho solid m that diitetion Other mix li.aiiK .al forees, such os 
inetlon, mei tia, &c , m.ay modify the direction in which the p u ts of the body m ly iiiovo , but 
Jnlessj rupture* of the body take place, tlie relative positions of the parts to one .aiiotber remain 
inehangc<l This is strictly tme of only absolutely rigid solids In el istic solids it is true that 
3 uch 1 dative positions may alter , hut still, as far us is known, neighbouiiiig pai tides remam 
neighbours, whatever inodihcation of form the solid may undergo when submiUed to pressure 
The essential mechanical difference between sohds and liquids is, that wliile in sob Js the coho- 
^lon IB sufficient to maintain tho relative position or neighbourhood of the paitH, that ib, the 
ippioximate shape of the aohcl, the cohesion of liquids is so very much less, tliat the slightest 
nifeclianieal force acts 111 motion that portion of the liquid iria.ss on wlucli it acts, and auch a 
portion moves with hut little resistance amtmg the neighbouring paits In other words, there 
with liquids but littlcT effort to maintain local relative pc iitioii When a solid which is m* 
soluble i 3 a liquid is plunged mto a quantity of that liquid, the (upper) surf.aco of, which is 
"^posed to the air, the hquid must be displaced. (See liis2Jlaicmnt, also M'ace) 'riie dis* 
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placed portion pushes against the neighbouring parts, and so on, the result being a liftin" of the 

surface If a piston be driven into a cylinder communicating with a vessel of liquid bot% 

vessel and cylinder being replete with liquid — ^it is found that every equal area of the ve^stl’a 
surface is pleased outwaids with equal force , and that every portion whose area is equal to the 
area of the piston is pressed by a force equal to the pressure applied to the piston Hence is 
deduced the law known as Pniral'a law, that “ when any portion of the surface of a toiihncd 
liquid IS pressed by any foive, every other jiottion of the surface of the confining vessel equal m 
area to the first portion is pressed by an equal force ’* In other words, liquids transmit pressurt 
equally m all chrections The same law is equally true of all gases, and therefore of fluids 
generally 

PRIMARY AND SECONDARY RAINBOW See Rainbow. 

PRIMARY COIL See Cod, Primary 

PRIME CONDUCTOR OF AN ELECTRIC MACHINE See Conduttor, Prime 

PRIME, VERTICAIj In astronomy, a great circle jiaasing through the east and west 
points of the horizon and the zenith 

PRTMUM MOBILE (Lat ) A term belonging to the Ptolemaic Ri/siem ( 1 / v ) 

PRINCE RUPERT’S DROPS When substances possessing a high temperature are sud 
denly cooled, their particles are in a state of strain If glass is melted and poured into water, 
the external surface is instantly “ohdihed and cooled, while the internal portions cool more 
slowly , hence arises a difference of equilibrium m regard to the molecular force of the snrFacc 
particles and those m the interior , in fact, the exterior surface which cooled first has to be « 
the stiain due to the contraction of the inner particles, and this it docs from the perfection of 
its form, which is usually that of an ellipsoid prolonged in the direction of its major axis at one 
end into a lengthy tail gradually lessening in thickness until it becomes pointed On account 
of this tear-like appearance, such pieces of nnannealed glass are called Larmes Bataiiqim by 
the Ficiich , in this country they arc sometimes called Dutch Teats, but more generally Pi wet 
Rupert's Di ops, from their discoverer Now, when there is a bre.ak of continuity at any point 
of the suifacc, as by scratching it with a diamond, or breaking off the tip of the tail, the xvholu 
mass IS instantly pulverised , the strain has suddenly ceased, the strained molecules are rcleavcil, 
and cquihbrmni is restored The particles have been existing in a state of molecular potential 
energy , bonce we should expect that when it leaves this condition on the removal of the re 
Btrainmg influence, heat would result, and that this is the case has been proved within the list 
few inciiths The Bologna Flash illustiates in hkc manner the condition produced m certnn 
solids by sudden coding It consists of a very thick flask of blown glass, which has b in 
quickly cooled , when the surface is ruptured, as by shaking a little piece of flmt in the fl.isk 
until a slight scratch is produced, the bottom instantly falls out The explanation which aiplics 
to the bicikiiig of I'niice Rupert’s Drops is obviously equally applicable to the Bologna 1' K'k 
It results from the above facta that fragile articles of brittle materia^ must be very slowly 
cooled if they are to be submitted to changes of temperature A tumbler of badly annealed 
glass Clacks when hot water is poured into it, because it has been too quickly cooled, and the 
hot xv.iter, m expanding the interior surface, produces a strain upon the contiguous particles 
which they cannot hear without rupture When glass is properly annealed, it is placed in a 
furnace, which passes in various positions of its length from nearly a red heat to a heat below 
that of boiling water , and by slowly passing the glass from the hot to the cool end of the fur 
nacc, it becomes so well annealed that sudden changes of temperature can be readily withstood 
without fracture 

PKINtTPAL CURRENT See Derived Currents. 

PIUNC IPAL FOO US See Focus 

PRINCIPIA The name of the immortal work in which Newton presented and estabhshed 
the theory of gravitation 

PRISM (irpifftia, from irpi^w, to saw ) In optics a pnsm is a triangular shaped piece of gla-’* 
or other tranqiarent medium with polished surfaces The section may be either a right auglsi 
an equilateral, or an isosceles triangle The ei/iulatei al and isosceles prisms are employed for bffut- 
ing the prismatic decomposition of hght When a ray of light falls obliquely upon one of 
refracting surfaces, it passes through and emerges at the opposite face, suffering at its ingress 
and egress two refractions in the same duection, whereby, unless the light be homogeneous, the 
ray is spiead out into its component colours, forming a spectrum The right angle prism {'/thuii 
see), 18 used as a reflector Besides the above, there are the pnsmatie lenses, douMe image 2‘i 
Nicol’s pnsm, WenJiam's prism, compound prism, achromatic pnsm, direct vision pnsm, laiiuMe 
prism, iniciting pnsm, liquid pnsm, disulphide of carbon pnsm, quartz <Jr rock crystal •ynsm, lOi 
particulaiES of each of which see their respective headings 

PRISMATIC DECOMPOSITION OF LIGHT. See Disperaion. 


PRISM, DIRECT VISION In the article “ Achromatis'n," it has been shown how it ia 
possible to produce refraction without dispersion by using two kinds of glass, whidi, for the 
eame amount of dispersion, avill refract differently, and thus neutralising their disppision, and 
making use of the balance of refraction A s^atem of direct vision piisuis is hasod on the con- 
\crsc piiQCiple to this The flint and crown glass prisma are so cut that their mean icfi actions 
shall be equal, and therefore neutralise each other The ray of light consequently emerges 
in the same direction as it enters , as, however, for equal .amounts of refraction, the dis|](u-iivc 
jioneis of flint and crown glaas are different, these will not neutralise each other, but will leave 
an excess of dispersion Direct xnoion prisma are very convenient, but owing to the thickness 
of glass, and the many surfaces through which the light has to pass in ordeT to produce any 
consider iblc amount of dispersion, their performance is inferior to that of good glass piisms of 
the usual construction 

I’EISM, DOUI1L13 OIAGE A double image prism may be made of any doubly refract- 
ing ciystal, but, in practice, calc or Iceland spar is always employed, e\ce*])t in special crises, 
viheie it IS advisable to employ quart/ Under the licadiiig “ Polat isation Plane,'’ the cause of 
the double image given by call spar is explained To form a double iinige piisin of calcspar 
the trystal IS cut so as to produce the gre.atest jHissiblc divergence between the ordinary and 
the extraoidin iry rays, and it is then rendered achromatic by a pn an of glass cemented to it. 
To incre.ase the sepaiation the glass is sometimes replaced by anothca pi ism of calcsp ir 
PRISM TELEtilJGPE An instrument by which magnifying power may be obtained by 
the combination of four prisms of the same glass (See Preiislo ’s Unites, p 363 ) 

PRISM, NICOJ/S See Nirol’s Pnsm 
PRISM, Wl'lNHAM’S See Wenliam's Prism 

PRISMATIC LKNS Light incident upon a right angle prism perpendicularly to one ot 
its f.iccs suffers total reflection (See PcUcction of LtylU, Total, and Jiirjht Aiirjfc Pn-ttn) The 
intrant, or einorgcnt side, or both, may be ground to a concave or convex sphciic vl surf icc, and 
the piism then acts in all respects as a lens, having similar surfaces, with the addition of bend- 
ing the ray at right angles, and reversing its sides In this m.anncr we can liavt a ilonMc-ion- 
ice pi tnocomex prism, double concaie pnsm, planoconcaie piism, meniscus pii'tm, and 

coiiuiio'conite pmvn, and by cementing to one or both of these cuivcd surfaces an .ipproimato 
lens of another kind of glass, the pnsmatic lens may be achromatibed 
PROCYON (irpo and kiIwv, a dog , the star that rises before the dog star ) The star a 
of the constellation (Jams Minor 


PROJECTILES {Projicio, to throw forward, set in motion ) When a body is thrown vei^ 
tieally njjwards it moves in a straight Ime, and retunis to the place fro^li which it staited. 
AVlieu, however, the direction of jirojection makes an angle with the vertical, the bodydestiibes 
a curve Suppose the direction of projection to lie hon/ontal , in ordci to find the position of 
the bovly at any time, we must apply the second law of motion Now, the force of gravity will 
draw it as far from tho hoi izontal lino of projection m a given time when it starts \vith a cer- 
tain velocity, as when it starts from rest If, therefore, we mark off on a horizontal line the 
positions which the body would occupy at succcsbive intervals of tine if gravity did not act 
upiin it, and from each of these points draw a vertical lino equal to the sjiace through which a 
hotly would fall freely up to the instant marked by the points, and join the extremities of all 
tlic lines thus drawn, we obtain tho path of the projectile This coiistuiction is precisely that 
r(f|iurcd to draw the curve called in geometry a parabola Hence, if tlic resistance of the air 
bi not taken into account, tho path of a projectile is a jiarabola (Sec Zaizv of Motion ) 

To determine the greatest height to which a projectile will rise, the velocity at stalling is 
rciolvcd into two components, one vertical, the other horizontal, and the gieatest height is 
found by dividing the square of the vertical velocity by twice the acceleration of gravity Tlio 
riiige on a horizontal plane is found by dividing twice tho product of the vi ilical ami hori/on- 
t d X clocities by the acceleration of gravity The range of a projectile will be greatest when 
the angle of projection is 45“ 

In tins theory the resistance of the air has not been taken into account, and this rcMstance 
affects the motion so materially as to render the jinrabolic tlicoiy nc >ily iisdcss 111 jiracticc 
Uic path inclines to the earth more rapidly than is the case with a parabola, Lcncc tho range 
much less I’or example, when the velocity is about 2000 feet, the resist incc of the an is 
ioo times the weight of the ball, and the greateit range, which, according to theory, bhould be 
*3 miles, is less than i mile (See Gunnery ) 

I’ROGRESSIVE VIERATIONS See Permanent 7i&™tiOTis, and leaves 
PROMINENCES, COLODRED In total eclipses of the sun, strange projections, tinted 
J'f a deheq^e rose red, make tbcir appearance Some of them extend as far as 8o,ocx3 miles 
irom the surface of the sun. Duiing the total echpse of August 1869, it was discovered that 
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these objects consist of glowing gas, principally hydrogen Janssen, one of the obsci^ers of 
that eclipse, discovered, only one day after, that the spectra of objects could be seen when tlte 
Ban is not eclipsed Two months latei, Mr Lockyer independently made the same discovery It 
la even possible that, independently of the echpse observations of 1868, Mr Lockyer might ha\c 
succeeded in discovering the prominence spectra, as he had suggested the possibihty of their 
being seen without an eclipse Di Huggiua soon after made a more interesting and important 
discovery, showing that the prominences themselves (and not their bnght lines only) can be 
rendcied visible with the spectroscope (having an open slit) 

PROOF PLANE (French, Plan d’Jp-) euie ) An instrument invented and used by Coulomb 
in Ills cxjicriincntal researches on the distnbution of electiicity It consists of a very siiullihsc 
(a quarter or half-aninch in diameter) of thm metal or gilt paper, to ono side of which is 
attaclied, pcrpendiculai to its plane, a fine stem or handle of glass or shell lac To mike n^e ot 
the jiroof jdaiie, it is held by the msnlatmg handle and applied to the surface to he tested, and 
when it 13 completely m contact witli the surface it forms, as it were, a part of it, and the 
electricity sju cads over it When it is earned away to the torsion balance or other tcstin ’ 
instrument, it carries away its electiicity with it 

Coulomb m Ins sixth memoir on electricity (lliatoue dc V AcatL'nite, 1788), gives the theory of 
the jnoof jdaiic, m which he shows that the small conducting disc carries away with it as much 
clcolneity .is lies on an element of the auTfa.,u to which it is .ijijilicd equal m area to the sujjcrh 
cial area of the disc It is to be remarked, however, that tlio actual quantity e.irriul aw.aj is 
only one-half of tins , m fact it is the quantity which lies on one of the faces of the disc when 
it IS placed in contact with the conducting suiface 

niOPAGA''lTON OF SOUND The simplest instance of the formation of a cound is tlie 
sudden cxjiaiisiun of a little spherical mass of solid matter m the midst of a mass of air .it rc't 
The air will be tliiust away fiom the ccntic by the expanding surface, and driven info tlic sji vcc 
occupied by the ucighbouinig air, bofoic the latter can be set in motion There will, tlicn luu*, 
bo a condensation of the an aiound the splicneal surface But this state cannot be jienniiiuit 
The hjilierical shell of eoniprcssod <111 whnli clothes the solid exerts its increased el u-tie fine. 1 1 
tension upon the ncighbounng pai tides, forcing them togelhei also into a shell of,,eoiripii -sioii 
Put, 111 doing this, the inoinciituiii acquued by the pai tides of tlio first compressed slidl caii>n.H 
them to sii)ir.ilo f.utlicr than they wcie originally, so that, immediately behind (tow inU the 
centre) of the second conqiressed shell of .wr there is a shell of rarefied air clothing the “ohd 
The L_eon(l shell of eonqiressed an excits its dostic force to compicss the air m both iluietioiH, 
raiefyiiig itself by jts momentum, and so on It follows that the effect will be the jiioji igiluiii 
of one chief shell of conqiression followed by .a chief wave of r.aicfaction of much less niteiisiti, 
coiicentiie with one another and with the solid sjiherc These will be followed b) my mudi 
moie feeble similar conditions of comllres•^Ion .ind, raref.ietioii, due to the aii’s muiiK iitiiui It 
IS, m fact, only when such original expansion is exticniely siulden and violent, as wlicii .1 miss 


of fuliinii iting jiowder exjilojcs, that we licai mote thin .1 single sound And we iiivvgtni 
rally (oiisider tho state of the air bionglit alxiiit by a single expansion of a solid body 111 it, is 
eoiisistmg of an eier expanding shell of the condition of compression 

If the solid body, .after expansion, immcdiitely commences to contract, and coutiaets to tlie 
siino extent .is it expanded, there will be foimed aiound it lu envelope of raref lelion, .iiid, is 
in the case of the envelope of compression, this state W’lU tiavcl as an expanding shi 11 of nn 
f.ictioii immudiitcly following the state of compression If now the solid sj'hcic l\]iiiii1s uni 
contracts at icgular intcrials and continually, a senes of sphcric.il shells of coiiijii tssioii will fol 
low one anothei at regular distances apart, and altem iting v ith these will be &])hciii d shells of 
rarefaction also at regular intervals So that if we take a jikvne ekistic meiiibiane it .any 
taiice fiomthe oiigiiial splieie, and parallel to the nearest tangent jdane of the spheu we “jn 
find this meuihiane to bo subjected to .1 sciics of alUmato puslimgs and pullings, t.ikiiig plu-i- 
' as it IS subjected m succession to the alternate conditions of the ti iiclling regions of eoiiipi'c 
Bion and rarefaction, it will vibrate “ syuclirouonsly ’’ with the expanding and eoiitiactn g 
sphere And so a succession of bounds are propagated through the air 

'J’hat sonic elastic medium is necessary for the proji.igatiou of sound, that is, some mouiuin 
which recovers fioin a state of abiiortii il conipicssion and commumcates its condition to 1 11 
neighbouring portions, is show n by sujiportmg an al.arum clock by means of noii-ehustic thrU' 
under the rtceivei of an air pump and withdrawing all the air Air pump ) 'ih® 

wrlncli IS struck has now no medium in which to establish vibrations, and consequently nosonii 
is heard On .adnutting an, tho shells of cxi>.uision and contraction are estabh'^hed, .and ai- 
cominumcated to the glass of the receiver , they are transmitted through this to the suiroum 
ing air . 

PROtER MOTIONS OF THE SlhUtS. Although the stars fleem to mamtam year alter 
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vcj,r and century after century the same rclativo positions, there are in leility iiiimite apparent 
cliaiigci. of position aihich correspond to enormously rapid re il motions We on e to IJ illey the 
jji-at ^lecognition of this important fict Ho noticed that the three biis^lit stiis, hiiius 
Aldcbaran, and Arctinns, had not the same positions on the heavens that Ptolemy d to 

them (following observations made by Hippaiclnis, 130 years b c ) The change of jil k i m tho 
iiitcivalvvis considerable, the change in latitude alone being in eaili case gnaUr lluii the 
niDon’s apparent diameter Sir John Heisehel remirka on this, that a pi ton, it niulit be 
cvpeetcd that apparent motions of some kind or othei should be detected among <-0 gu it a 
multitude of individuals scattered through space and with notliing to keep tin in fi\i<l 'I heir 
iiiuliud attractions oven, however inconeeiv.ddy enfeebled by distance, and eoiiiiler leted bv t)])pos- 
mg vttraetions from opposite qu liters, must m the 1 ipse of ages piodiiee some movement - some 
change of internal anangcinent, le^iilting from the dilfereiiee of the ojipo ing actions ’ Siuh 
motions have been placed bejoiid a doubt by the comp irison of the obseiv itioiis niaili 111 rtceiit 
times with tl 'SO made many jeais ago In many instances the ililfi leiii e in the obstivid place 
of i star IS so smill, even aftei a long inteiv il.tli it no leliam i ein be placed iqion the le ultiiig 
a\)p.uiut pioper motion An<l where the inteiv \1 is not siilbt leiitlj long, there i an be no doubt 
til it niiiiuti eriera of olisei vation have auflu ed to give an appe iraiiee of motion win 1 1 tlieii has 
been ill le ihty no eb inge of place Iiulei d, no siiici tist t an bi i|>plicd to tlie eoiu etiuss of a 
new stir e it ilogue thin the i\ munition of its .uleipniy t diminish the ]iio]iii niolions 
eilenlited fiom pieceding catalogues Still then e in lie 11 1 iloubt vvh itevi r tint m a luge 
nuiiibei of mstuiecs propel motions ieall> exist Peiliaps the most sitisf oloiy tabks of ])ioplT 
iiiolioiis \et fiiliued tre those < out lined in the Ro^ il Astionoimi.il Soiietj s Mun ms, vuK mx. 
.audxxMii Tliij hive IjHeii piepaied by tlu Ri v Rolnit M un, by eoiiipii mg the tiieinwicli 
st ir e it ilognes with Tliadley s c'hstiv vtioiis leeoided 111 B^ssil s rmtilaintiitu jU,ioiioi)itii Mr 
Stime lias idd d i list of 4O0 J.irs fioiri the same gouiccs, which appe us m the 33d volume of 
the Memoirs of the Koj vl Astiouonueal Sotutv' 

The piesciit wuter h.is evliibitcd reasons foi believing tint m the observed piopcr motions of 
tin stuswebavt ,i poweiful me' ins of ittieking imtiy piolili lus of g i.it mtnist nid iiiqioit- 
aneo in sidcieal astronomy In tho 29th volume of the Notin s of the Astioiiomic.il Sonety he 
lus tilled attention to some results which seem to h.ivo in impoitint beiimg on oiii idi as 
res]n etiiig the (listiibutioii of the st.irs Although in any iiidividu il instance the .unouiit of a 
i-tii’s ijiiureiit propel motion e iniiot be sn2>2M)sed to iiidii, lie tin iilitui rite itwiiiili tliitstii 
3.. tl iveisiiig sp.iee, and e innot theiefoie be taken as a meins of estimating tin stii s ilist.irnt, 
}it tlieie can bo no doubt that 111 t.ikirig the .ivei ige iiioju 1 inoLioii of i si > of st iis, (h ij ill the 
si ITS m a parlnukir constellation, or all the stirs of i given m ^iiilinU), vu obt.iin i fan iiu.uis 
of estiiii iting the aveiage dlst inc< of tint sot ef stirs For on tin a\ 1 1 1^1 , .illd ni gli c ting 
ludividu il exceptions, the moic distant e.tais will < vhibit piopoition lUly smill i|>piient 
piii]i( I motions If wc wish to .qiply this nutliod sitisf utoiily wi must be i 'lefiil to nn linle a 
uilhiieiitly l.argu numbei of f.tais When this is done the results 111 ly lie u 1 ejiLed vvilli some 
eonlideiiee We 111 ly, for exairqilo, ajudy this method to di Li 1 imiie i\ lietln 1 tin iisu i1 i sinuate 
of tin distance s of tho f lintel oidi is of liu iil st us is <0111 1 1 'I'lii vviitii ]i is m.idi tins 1 iltiihi- 
tioii, dividing the stais into two sits, the fust ineliulmg st.iis of tin lust tliii i in igiiilinii s, tlio 
ueond those of the next thrie, and taking tin avei ige foi t icli si t (Llie sgii iii iniit ol tin menu 
of tin sum of sqnaies) the stuinge result is ohta in d, tint tin avi 1 igi anioiint of jnojn r motion 
for lie tliiec bi ighter ordcis is not gieatei th in ( vinl barely ii|uals)tln im 1 ig< foi tin tlireo 
f initer orders of tho lucid st us Thcic seems no way of ivonlmg the coin losioii th it by f 11 the 
lugei uiimbei of tho fainter stars owe theu faiutiie=s, not to vasluesa of distance, but to re.il 
rel itiv c minuteness 

It had been alieady noticed by Mi Dunkin that vvlicn the elTe'cts of the sun’s assumed 
motion aie dtiluetcd from the appaiciit molious of the stus, on the e suiolitnni th it Dii \ iiioua 
oideis of lucid stars lie at the distances a.ssigned tlnin by aeeijiteil tlnoiios, nisteul of an 
iinpmtint diminution of the sum of squaies, only a minute fraelioii of tliat sum is leuioved 
(''le Piopci Motion of the isiin ) Thus the sum of tho squ.irea of motions 111 It A uni on cited 
for the ^irigiei motion of tho smi is, for the 1167 stais cmisideiid in the iin|iiiry by Any and 
Uuiikiii, 7S 7583, while the coirected tuill is 75 5831 , in lik. iii.iimei, the iineorieeted sum for 
motions 111 Is'' p D IS 63 2668, the corrected sum being Co 9084 ( 'oninienting on Pus, Sir 

John lleisthel remarks, “Ifo one need be surprised .it f/m If the fiuii move in sjiaii , why not 
!>1'0 the sttirs < and if so, it would be manifestly absuid to exfieet tli it any niovement i ould be 
«iS'ignt-d to the Vuii by iny system of calculation vvhicli would account foi nion th in a very 
tmall portion of the totality of the observed displacements Put what i' indicd astonishing in 
the whole affair, is, th.it among all this chaotic liiaji of miscellanci us moveniiiit, among all thia 
J^t of cosmical atoms, of the laws of whose motions we know absolutely nothing, it should be 
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po^siblo to place the finder on one '?nia11 portion of the sum total, to all appearance indisiin 
guishably m’xed up with the rest, and to declare avith full assurance that tins particular portnin* 
of the whole is due to the proper motion of our oivn system ” There is, how ci cr, a il w in the 
reasoning here, though the conclusion is not the less just Sir John Horschcl has oiiiittcfl to 
notice that the mere numher of the stais dealt with in solving tlie problem of the nun s inotioii 
can Lave no effect m diminishing the iclative amo’int of the correction For the sun’s proper 
motion affects the appaicnt motion of c’ cry one of the stars so dealt with, so that the collection 
should grow pmi jvi'itii wuth the iiumljcr of stars dealt witli In fact, it is demoiistialjlc— as 
the picsent writer h^s shown — that, let the number of stars be w-hat it may, the viluc of the 
correction should be cipial to lialf the imcorrected sum, if only the stellar motions be not (Jii 
the u Cl age gi< atcr than the sun’s, and if, further, the estimate of the tlistincos of the s, nr,i 
orders of stai s he co i cct The largci the nuiiiber of stars the more nc xrly (hy a well know ii 1 i\v of 
proh ibihty) should the correction approach this theoretical value The f ict tli it the coiict lion 
falls so f.ii short of tins estimate proves that cither tin sun’s pi oper motion falls shoit of the 
avenge proper rnitions «if the stars, or that the distinccs of the 1 irgi r number of the sin, dnlt 
witli (that IS, the distances of stars of the lower oiders of mignitude) have been over Lstimate'd 
Mr Stone has sliowui reasons for believing that the sun’s proper motion maybe he hi to bo 
about tlnce-fouitha of the average proper motions of the stars And sincr this rt'-,ult w onhl 
only If f ouiit for a small projiortion of the disci opancy, it may lie accepted os ci 1 1 nil th it tin -■t irs 
of the lower oiders of apparent magnitude are not for the most pirt so f ir off as has luen ^iip 
posed , in other woids, th it tiny aio) for the most part really smaller than the brighter oihs 
We have seen that this result is pointed tc, also, when the proper motions are considered m a 
dilTercnt way 

Tlu picseiit writer has also detected the existence of a community of motion among the ‘•tns 
in e<it un jiarts of the liea\ ens, a phenomenon which lie dt nominates “ star diift " If it should 
bo est iblislied by conoboiatiio cvideuee that this coiuimmity of a]>pirent motion iinjilies i n d 
community of motion in the stars framing particular giou)is, it will h( come pos ihle to estnii ite 
the relative dist iiiees of Sluli st us hy ooniparing their relative appaicnt motions The prolih ui 
would be, 111 f let, iiieiely one of pcisiioetive If, fuither, the absolute dist nice of the ni west 
star of the sj stem could be determined, the absolute distances of all the known stais of the 
system could thus be deteiiiniiable 

It IS jiossible tint befoie long spectroscopic analysis, aheaily successfully applied by ^Ii 
Huggins to determine the “piojior motion of recess” of the bright star Sums, will in the same 
able h mils give iiitoi^natinn lospeiting the projicr motions of leeess oi appioicli of many of Iho 
lucid stars This W'ould at once enable a crucial test to be applied to the theory of “stai- 
diift " 

I’JlOPER MOTION OF THE SUN Since the stars arc observed to be slowly ehangiug 
then iiO'.iticm on the ei lesti il sphere, it will be rcgar>led as highly probable on fijn loi t eo '•hIli i- 
tioiis, tint the sun is also iii i lotion For the sun is a incmbei of the siJereil system, and wc 
can eoiieeive no re isoii why he alone should bo exempt fiom the law to which all hi-, fillovis 
are subject Now if all the st.irs were at re»t and the Buii alone in motion, every star wmild 
seem to move towards the point in sp leo //om which the sun is niovng G’lie ajipari iit motions 
of bt 11 s mar tli it point and the point diiectly opjiO'.itc to it wnnhl be minute, wlule the '-t ns 
on a gieat circle of the spheio having these jniiits as poles would seem to move more ijiiiikly 
than the icst (m tet is //m ihir^, th it is, leaving diffeienccs of distance out of consider itirai) but 
as it IS uttcily improhahle that the sun alone of all the members of the sideieal sjstim w m 
motion , and is, nuleed, the chaiacter of the stellar motions suihccs to prove that no motion we 
cm assign to thi» snii will possil)ly account for all oi even for a laigo jiait of them, it follows 
that ill we can hope to roeognisc as a sign of the Biin’s motion is i genoril jiiepoiulc lame 
of stell ir motion in one diieetion The problem, though difficult, his bciii atticktd uu 
cessfiilly by aslroiiomi rs Sir Win Hersilul in 1783, by considering the apparent motions of 
the few btars which hid been sufficiently ob$eriG<l in his d.iy, aimed at the conclusion tint 
the solar system IS tiavelliiig towaids the neighbouiliood of the star X 111 the coiistell ihou 
Hercules Prevost m the s ime year ainved at a similar coiielusinn, but liis researches k J to a 
point some 27“ in light ascension fiom that determined by Bn in Htrscliel Since thin the 
subject has been studied very caicfully by manv eminent astronomers, by Argelindci, Lulm 
d ihl, O Btiiive, Mtidle'i, and, filially, by Any and lJunkmof the Greenwich Obsen itory '1 h"* 
methods adopted have been vaiious Sir Wni Herschcl had simply earned gieat eircks of tl ^ 
sphere through the stais he sch cted, and in the diicctioii of their proper motion, and he detn 
mined the apex of the solar motion by the approach of all these circles to a common jjpiiit ' E 
intei section Some astronomers, in applying ealeulations to the ] roblein, liave classic! tl v 
distances df the stars according to their magnitudes, while others have considered the inngni 
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itiide of the stellar motions as the most satisfactory proof of relative nearness 'Hie plan de 
vised by Mr Airy and tarried out at his suggestion by Mr Dunkin, i oiisists iii issi^iiiiig to 
the Mill such a direction and amount of motion in space as will account for the gnati st possible 
propoitioii of the stellar proper motions This plan has betn carried out accordin'' to ti\o flis- 
tintt hypotheses respecting the proportion of apparent motion which may bt duo to < nois ot 
obsen'..tion The results obtained on these hypotheses ai e in tolerably close accord intt ton^uli r- 
iiiir die nature of the problem According to one, the apex of the solar motion lies iii E A 
20i° 14’, arid N P 1 ) 57° 51', the sun's motion being such m amount that, viewed fioin a dis- 
tance oipial to that assigned to stars of the first magnitude he could traverse o 3 34O'' .innu illy , 
accoidiiig to the other, hia annual motion, so viewed, would be o 4103", and diiLctcd to« aids a 
point l>iiig in E A 263“ 44', and m N P D 65“ o' It may bo added that Mr (J illoii ly, by 
coiiMdi-iiU'g the midions of southern stars, has arrived at a result closely according iv ith that 
deduced fioiu the inotions of northern stars 

A geneial notion of the cliiractir of the motion of the sun m space maybe obtained by 
cnn''idenng it as taking place in a direction mclmcd about 60° to the piano of the ecliptic , .uid 
ivitli a 1 cloeitj such that the sun traverses m a year a space equal to about Jths of the diameter 
of the cai til’s > >hit 

PilUStilAN lilAJE A valuable pigment prepared by adding a solution of forro cyanide 
of put issiiiin to cxcchs of a per salt of iron , it is an insoluble da‘ k blue prccipit itt vv Inch li is a 
ciijij'cry lustic when in lumps On the large scale, it is frequently jircpared by proccs-cs which 
jiild 111 nnpurc product of an inferior colour Its composition ls that of a hyiliatul jnr-fuio- 
iijiiiiitlr of non (h’c^(hV Cy„l, l 81 T„ 0 ) 

rrOLEMAIO SYSTEM The system of astronomy by which Ptolemy ciidc ivourcd to 
account foi the celestial motions, on the hypothesis that the earth is the fixed cciitic of the 
universe A'counting for the diurnal motion of tho celestial hoilies by the rotation of v v ist 
sphere — the /irimniii, nwliile — carrying all these objects with it, and for the anniiil luotion of the 
HUH lud the monthly motion of the moon, by assuming these bodies toti.avcl m cici utiicciiclcs 
anmiid tliesearth, Ptolemy had to explain farther the looped paths of the planets, then progres- 
sions, htations, and rctrogradations To effect this, he supposed that each planet inovidm a 
circular jiath termed its epia/ile, around iv fixed point, ancl tint this point itself travelled in an 
ccanti ir (tiicle) aiound the sun, all motions in each order of circle being described iiniloiinly 

As ohservatioiial astronomy advanced, now contiivances had to he introduced, until itlcii'gth 
the Ptolemaic system hecvnic very cumbrous It need hardly bo said thal^no immmt of cyclic 
or (’piryclio combinations could account for tho motions of the planets as at present known 

PT YALJN The active pi inciple of saliva, a nitrogcncous substance which conv ci Is iiisoliihle 
starch into glucose (See Animal Nuti'ilion ) 

PULLEY One of the simple irachmus It consists of a circular disc of mctil or wood 
t ipahlo of turning abdut an axis passing through its centre Usually a groove is cut iii the 
disc to keep a cord, which passes over the pulley, from slijiping olf Tho pulley may he consi- 
dcicd as a lever with eiiual arms, so that the forces at tho extremities of the coni, vvliif h p.isses 
cvci the pulley, must bo equal in order that there may he equilibrium A pulhy, the axis of 
which IS fixed m space, IS termed a /xed pulley, and serves the jiurposo only of chaiigiiigtho 
direction of the power If the axis he movcahlo, the pulley is termed a moimhle pulley Ey 
coiiihining several moveable pulleys a mechanical advantage may he olitanieil depending on tho 
number of pulleys and the mode of combination The mechanical advintagc of ■'ny iirange- 
TiicTit of pulleys may he readily determined by the principle of virtual velocities When several 
iiiovt ihlc pulleys are placed m the same block or sheave so that the same cord passes inuiid all, 
and the paits of the cord are parallel, the power may he found by dividing the wi ight by the 
nuiiiljLi of parts of the string which reach the lower block Suppose, for cxainjilc, ilicic ono 
moveable pulley, then there will he two parts to the cord suppoiting it, so that if the vvi ight be 
raised one foot, both ports will be shortened by a foot, and conse<iucntly tho pow v 1 must 
descend through two feet, or if the weight he raised by hand, two feet of cord must ]».css thrtiugh 
the hand The power is, therefore, half the weight Hy a similar irietliod it may hi gen* rally 
established that when there is equilibrium the power is to the weight a'' I is to tw ice the number 
ef pulleys A much greater mechanical advantage would he ohtaincil by using a systt 111 in 
vvliich tho pulleys are separate and have separate stiangs, each stiing being attached by ono 
extremity to the supporting beam, passing round one moveable ijiillcy, and having the other 
extremity fixed fip the pulley immediately above it 'I'ho jiowcr is ijijdicd to the cord which 
passes round the upper pulley Another arrangement coiisi'-ts of hciiarati pulleys susjiended 
by Hcpaftite strings, one extremity of each string being attached to the wi ight, hut both this 
*nd the preceding combination are of little practical use In tho common nrrangrmehts all the 
muv cable pulleys are m one block The most powerful combination is Unimion's UitLle, m which 
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each hlock contains two rows of five whcola each, and one string passes round all, eoinineucinL'* 
with the cent! e one of the lower block, and finishing with the middle wheel of the upper. “ 

PUjVIPB Sec i^uction Panipj Fotem'j Pump 

PUN'A WINDS Cold and remarkably dry winds which blow from the Cordilleras across 
the table land called Puna, to the east of Arequipa in Peru 

PUPIL {Piiptllti ) The ceiitial, intensely liliek portion of the human eye Tt is snn 
ply a ciicular aperture in the iris, through wlueh the black mtenor of the eye u vi-.ible 
(Sec Fife ) 

PUTKK PACTION (Puttidut, rotten, and /ttcio, to make ) The decompo,ition of nitrt)- 
genous iniinal and vegetable substances under the influence of atmospheric ox v gen and a suit 
able te]Ui)er iture Putiefaction is supposed to be induced by tho presence of inmuto geims 
floating 1)1 tho atmosphere Professor Huxley, President of the Biitish Assoei ition, m lug 
opening address at Liverpool in September 1870, entered into full details lespeetmg this obseun 
action of atmospheric gcims Dr Angus Simth and Professor Tyndall have ,ilao published 
much on this subject 

PYllKltLIOMETER (irOp, fire , fi'Xtos, the sun, ptTpdcj, to measure) An instnimont 
devised by hi Pouillct for measuring the intensity of tho heat of the sun It consists of 
shallow c iicuhir vessel of silver containing water or luercuiy m which a theimonicter is plunged 
fi’hc ujuici sill face of the vessel is covered with lamp black, so os to render it a good ibsoilxr of 
heat, and till" thermometer enters its under sui face, and tlius extends below it Anainuige 
ment is ni wle for causing the rays of the sun to fall peipendieularly ujion tae surface of thi 
vessel An observation with this inatrunieut la made in the following mauiiei —When the 
watt r ill winch tho thermometer la plunged possesses the ixaet temperature of the surroundiMg 
atmosphere, the instrument is jilaeed in the aliado' and allowed to radiate ita heat against a 
cle ir sky for five minutes The loss of heat is noted, and we may c ill this 1 The blackened 
surface is now exposed to the full rajs of tho sun for hve minutes, and the use of teiniieratine 
of the water, as shown by the immersed theriuouietcr, is noted, wo will call this K 'I'lie 
instiumoiit IS finally aguu placed in the shade, aud allowed to radiate its heat into a ele u shy 
foi five iniimtes , this loss may be oalh’d t' It is not Bufheient to simply expose tlie pyrhelio 
raetoi to the sun and then note the nso of tempoiaturo, because tho instnimcnt isradiitnig 
heat into sp ice during ita exposure to the diieet rays of the sun, and a jioitioii of tho heat re 
ceived from tlu sun is thus wasted Hi nee the total heating elfoot is obtained by adding tlic 
amount thus lost to the amount directly acquired from the sun As r represents the heat lost 
by radiitiou by the fnstmmcnt befotc exposure to the sun, and r' the amount lost after exjio 

sure, the amount lost during exposure may be considered the mean of the two, or — ^ ^ , and 
the entire heating effect of the sun H will therefore be represented by 

n = R+-+— 

The actual amount of beat absorbed by the instrument is calculated by ordinary calnn 
metrical means , the area of the exposed blackened surface is known, and the amount of water 
which has been raised through a certam number of thermometrie degrees is known, ind thu 
the absolute liiatmg effect of the sun, acting upon a given area uniler the conditions of tlie ex 
peiimcnt can bo re iJily found Pouillet used about 1500 grains weight of water for his expi n 
iiieiits His results have been desciibed elsewhere ^yee Jleal, Houiccs of, bolar Jliat , 
Expenniciits on the same subject were made by De Saussurc, Hir John Ilcrschel, and Fro 
fessor Forbes The hrst instiainient for the purpose was devised by De Saussure, aiid m ibJf 
Htrschel invented hia Actinometer, which see 

PYRITES A name used 111 mineralogy to denote several metallic sulphides Tims then 
are copper pyiitts ((Jjy Fe^Sj), iron, pi/rilcs (FeS^), marjnctic pyrites (Fe7y(,), tin jitpiti' 
(CiijS (bnSiFe^Sg)), arsenical pyrites, oriiiispiekel^FcAsSj I'eSj), larieyatcd pyt Ucs {I' 2(Jx^S ) 

py RITES, IRON Sae Iron, Sulphuies 

PYRO-EJji'lCTHICITY A name given to electricity produced by heating or cooling 
certain crystals The subject, though it has attr.ieted much attention, still remains v eiy 
obscure. The phenomenon is this — Certam crystals, among which are tourmaline, borocite, 
topaz, aximite, prehnite, &c , on being heated exhibit electric excitement Thus a crjstal 
tourinabne becomes positively electrified at one extremity and negatively at tho other In 
boracite some of the faces are electnfied positively, and some negatively If a tourmalmc thu 
electrified be kept hot it soon loses this electric polarity and resumes its ilatural conilitiiip , an'' 
if it then be allowed to cool, that end which formerly was positive becomes negative, and m' 
versa Tlfe conditions under which electric excitement of this kmd takes place hav e been m 
vestigated by zEpmus, Canton, and Hauy 


PYR 


453 


QUA 


PYROliALLIC ACID A jvrodiict of the action of liL.it on yallic .icul lb ct^st ilhses m 

long white needles, icry soluble in w.itcr, and having the coinpositiou it jA-ts as a 

powerful loduci ig agent, and is inueh used in photography 
PYliOJjItrXrrE OP IRON' iicc Acitittfi , Autateofiron 
PYROLIOXEOUS ACID See Aucf 

PYROCUSL'l'E See Munijauese Oxide 

PYRO.MhTEU (irCp, hie, to measure) The mercurial theraiomcter is iiecos- 

sanly hinited in its iiidicitions to tho teniperature at which incicuiy boils (150 C , 01 6G2 P ), 
bee lusc at that tcmpcratnic the vapoui of nurcury would be foimed, ami its pu'--.uie would 
burst the theiiuonietcr Pyrcinictcrs aic iiistiunicnts which aic used to inc.isuic hi_,h tcnipii 1- 
turcs, and ilthough several foirns of this insliuiiicut have been deiisc'd, it c.iiinot be '-.iid th.it 
any one i>os',LsSL accuiacy Tho iinoit acciii ile deteiniiiiations of high tcnijici.itiiics which 
hue yet bctnuiailo aio due to Jlegii uilt, Dc\ illc and Tioost, and Poiiillct, and wcie either 
made by n i ms of an ill tin iinomt t< r, or by some form of gas tbcniioiuct 1 (or Jiyio- 
incter), in wliitb \ iponr of im iciny or \ iiMuir of luiline was employed (See An 'I /i< 1 iiKniittit ) 
]ly mi ms of in an pyronictei, rouillet dctcruiined tho following tiinpei itiiies, wliuh coiie- 
•^poiid to the ’ aiiuiis Jegiees of lucandcsceiice which a metal passes through, when placed in a 
furnace — 


Tiieqiicnt red heat, 




525“ C, or 977“ F 

Dull red, . 




700 M 1292 

Clicny red, 



• 

900 M lf )52 

Daik orange, . 



• 

. 1I(X> II 2012 

White, 



• 

1300 II 2553 

D.i//ling white. 

- 

. 

• 

, 1500 II 2732 


Of the oiil foims of pyrometer tho ])nn<ipal aie those devised by Wid^wuod, Dinull, and 
Uroiigniiit, but tin inaeeuraiy of these instruments has iputo prevented tin 11 employ n nut, i x- 
<ept for th- iiulieitioii of lou^hly spproxmivte tempeiatines in the uts, is 111 gl iss 01 jioiitli n 
furnaces Wedgwood's pyionieter ihjiends on the f.iet that diy d.ay when exposed to 
high timper.tuies contracts nmfoinily, .md, by nieasuiing this eoiitr.aetion, it w is iiii.igund 
tint the licit which had piodiicul it might also be measured , the iiistiumeiit w is foimd, how- 
*v<r, tobi ilto^itlui imtiustwoithy This pyromctci w is invente'd lu 17S2 About twiii'y 
VL'.sis l<itv.r, Ciiyton de' Morveau devised s, pyrometer in winch tho teuipei itiue 1 is iiii.isuKd 
by tho expulsion of ]ilatinnm, iiidie ited by a multiplying indi x A slhiil.ii iiistiiinnnt vias 
Used by r>iongniart for ditenmmiig the teinpci iline of tin finiiaees in tin poiei 1 iin 111 iiinf.'ie- 
lory it Kivii s He employed a rod of non or platinum which was fixed .it one end w liile the 
other pressed .igsinst a lev er, serving is an index The lod vv is ein losed 111 a tube of poi ei 1 1111 
Professor D.iiiiell ilso used a b.ir of iilatinuin, md cuelosed it in .1 tube of iiliiuibigo Rever.il 
forms of eleeliie pyroinetei (b.i'-ed on the foiiuation of a thermo elbutiie eniit iit, win 11 two dis- 
Miiiilai met ils lie he ited it then juncture), li.ive been piojiosed by I’oiiillet and liiciiueiil 
Thi littei li IS ilso pioposcd to dctemimo high tempcr.aturc s liy ine.isui ing tlio iiiti iisity of the 
light eiintti d by llif lie.atcd body , and by siiih means he estiio.itis the fusing point of jil.itinnin 
at 1600' ( ' ( ’T 1 1'’ \ 'll d the he it of the voltaic arc at 2070° C (375^" 1 ’ ) (Heo also 2\m- 

X‘Ciahne, Air Thermnmeta ) 

PYROXYLIN. See Gun-Cotton 


Q 

QUADRANT ( Qiiacb ana, a fourth part ) An instrument foninrlymnth iis< d 111 astro- 
nomy, esjjceially for deteniiining altitudes The difficulty of eoiistriieliiig .1 tun go idi.int, .ind 
tho fact that there are no ready means for correcting tho indic.atioiis of the iiistiiiiiieiit hd to 
the introdueti.in of circular instiaiinents, now constantly employed m astiunoniy 111 tliose lascs 
whcie formtrly the quadiaut was used 

QUADRyVTURU (Quatfrafes, four-sipiarc ) In astronomy, the moon or a jd met is said to 
be In qnidratuie when its place diffcis go' m longitude from the sun 
QUALITATIVE ANALYSIS ^00 Awdy'uv, Clumital 

QUALITY OF HEAT The heat emitted from different sonri cs vanes, as is proved by 
Mellom’s experiments on absorption , for he found that the same substance absoilitd diffiient 
quantities of In'at according as the source of heat was changed The teiiii qiinlity <if hiat sig- 
nifies viy v.ariation m radiant heat which can es it to be differently absorbed 01 ti.insiiiitted by 
Bubatances 'Phus, according to Melloni, glass I'otli of an inch tbiek transmits 31; pcivceiit of the 
I'nya emitted by a LocatcUi lamp, 24 of those emitted by an incandescent spiral of platinum, 6 
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of those emitted by copper at 400“ C , and none of those emitted by copper at 100' 0 it ,g 
Very cleir, thcicforc, that the quality of the heat emitted by those diffeient souiees laues eon ’ 
Biihrably If any other source of heat could be found of suehaiiiture that gliss of m 

inch thick tiaiismitted 6 per cent of the t0t.1l emission, then the quulitt/ of that he.it iv.mld be 
precisely the suiie as that omitted by copper it 400 0 IJiiility depends upon the wan hiiLjtli 
of the ethei ecnivoying the niolion of 1 uliiiit heat, and upon its peiiod of vihi ition, iml mode 
of vibration— that is, whether or no it be polarised, and in what plane Heat of one dis.iluto 
quality IS perhaps most readily and pel feetly obtained by eiielosing n s]>iril of plaliiuim m 
vaeuoiis eliiiiihei with iockb.alt wimloivs, ami riismg the spnai to meaudeseeuce by means of 
an eleetiie euiieiit of known, const.int, .uid luvaiiable intensity 
QUA^sTnhV'l’l VK ANALYSIS See Analijxis, Chenucal 

(JUAN I’JTY, JsLIifJTRIC Electiic qu.aulity is measured by the force winch the chaige 
upon a body giies Use to “ When the force between two bodies at i eoiist.aut ihsi mu, .md 
eepai ited by lu , is seen to iiicie.ise, it is s iid to be due to an ineieasc in the qu lutitj of ehi - 
trieity, mil the qu iiitity at any spot is ilefmed as propoitioiial to the foice with wliieli it ids 
tluongh 111 on some other constant qu uitity at a distince ” Ifnit of quantity is th it e(u iiitity 
wlneh, when pl.aced at unit of distance from an etiual qu.antity, attiacts or repels iL witli unit of 
force 

t^UAIiT/ Tl 1C name given to eiystallised silica, SiO^ It occurs either m the inassivo 
foim when it is milky white, or tinged w'lth iron and in distinct eiyst ils , the cij L ils in siv.- 
sided prisma with pyramidal summita , cleavage is veiy nuiieifeet, .anil twins .ue of fi. ipniit 
occuiTcuei Haidiiesa 7, spenhe gravity 2 5 to 2S, bistro vitreous, it is of ill eolmus, 
from pel feetly eohmilcsa to black, p issing through shades of yellow, red, blown, gum, hliie, 
and hi itlv, owing to the pieseiicc of metallie ovules When eolouiless and tiaiispiiiid, it is 
nsu illy I ihed 11)1 1 c) i/tfai, when purple when rose led, or pink, loti (/ino f , whui 

light \illow, /«fse when of a biowmsh smoky tint, fnwh/ 01 eiuiiL,ouii, wluu 

leek .!^i ecu itid op.l<|ui , «s<. , when spangled tin onghout with yellow bc lies, uiiutuiin ijninf. 

Othci \ luetus aie know'll as ehaleidouy, ] isper, bideiiLe, flmt, hoiii stone, op il, ike i'oi the 
chemu il piopeilies of quilts, see 

tililClv lilMI'l See Cahiuin, Oxult of. 
til- K'KSTTiV J'lU Set Miiliuij 

tiUlNINl'l Anoigiiue ilk iloul, forming the most important activo principle of tlie riii 
clioiiiliiik It usii illy ippeiis IS .1 w'hlti, poious, fii.ible miss, pemimciit in the im,frii 
fiom odoiii, .uid evei tiliiiyly hiUei Its composition is (’20 It is almost insululilt m 
w.iter, hut mule solulue ill .ileohol iiiid ether It has a bti on g .alkaline le.octioii to ti't pii»i, 
.and nciiti discs ai ids foimmg s ilts, which Usually eiyst illise well Silts of quinim lu nl two 
ekissi s, uelili.il s. ills and leid salts 'Ihey aie gene 1 illy boluhle in watei, and hue i \ei> 
hitteitisu, and fieqiieiitly evliihit a silky instle The only silts of impoitiiiti no tin sul- 
ph.ites , < iiimneiei il q/' iiupioperly called basic suljdi.ite of qiiniini , is u illy 
the iieiili d silt, its foimuli being 2C2„Il24X202 Il2St)^ It crystallises m long lleviMi nudks, 
very light iiid i tHoiesemg on evposurc to the an The anliydious salt lequiies iboiiL boo jiuls 
of M.iti I to dissolve it, hut only about loO of alcohol , the .idditioii of i little dilute siiliiluiiie 
acid to the w.itir mnieits this bvlt into the aeld sulphate, which only lequires 10 juits nl w itei 
to dissoli t it Tne solution of sulphate of quiiune in dilute bul[(hune ai id is stioiigL lliioiesei id, 
exhibiting a be.iutiful .a/ure blue colour tiidphate of qumiiie is one of the must i ihi.ihle 
niedicints we ])ossess, and la maiiufaetured, in enormous quantities as a febiifugc (bee tm 
choun Ihtil, AILuIokU fiom) 

(iUINiUINE A base which has the same composition as quinine, and occurs .issuci itul 
with it m some cinchona barks It ci'ystalliscb m laige tianspareiit piisms, almost insidiihle m 
water, but tohr.ibly bo 111 alcohol It neutialiscs acids, and foims salts with them, which luueli 
resemble the coiiespunding qmiuue salts, but ciystallise more easily 

R 


RAOEMIO ACID See Tat taric Aad 

RACK A>i]) PINION (Ikiek, from Anglo-Saxon, mccan, to reach, extend, Oernian, 
redtii, to btreteh , so lack la a bar which is extended, or whoso teeth are jnibhed f<>iw ml 
Pillion, fiom iVorman Preneh, j/iynon, a pen , Lat , jtuina, penna, fe.ither-wiug ) The teiQi 
pinion IS gi ner.ally applied to a eoinp.vratively small toothed wheel working in thete'eth ut a muen 
largei one, and is specially applied to a w heel constioietud on the avle of a larger wheel, .in< 
moving wildi the larger wheel The contmance known as rack aud pimon is one for pioducinj 
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a Iraiitecl rd-tilineii motion from a oiKular one A tootlictl wheel or imium lotitiin' ihont its 
'a\i 3 IS csiisoel to noik m a hti iiyht toothed bar Of eouiae, the evtent of the iiiotiou is Jiuiited 
by the number of teeth on the bar (See Tiitk ) 

HADIAAT HEAT i^liadiut, a rod, the spoke of a wheel , related to papSoi jRrtdm, to emit 
be inis, to shine, is not unfreqiieiitly useil by the uicieiits , thus Inieietiiis, ‘lulmit iidiitl 
luniiua holis ") The motion wlinh coTiHtitutis belt in ey eitlui be issotiited witii pinnKiilih 
and diieetly recognisable mattei, or it may cvist in the fiiriii of tuduint heat "W 1 m ii .I'soc i lUd 
nith matter, we have noticed that it pioduces vaiious eh inyes, not.ibly of condition, as in the 
Milid, liquid, and gaseous eoiiditions of mittei Kwliiiit he it is ti aiisinitted by an iiii'i m 
liiediuiu , the beat wliieh comes to us fioin tlio sun w r idi lilt licit, as is dso the he it whieli 
we pLiceive when wo htaud m the prosmec of a heateel miss, siieh as the fne, oi i pieie of u d- 
hnt luelal A hot body jnits with its heat until it assumes the ti iiqii i itun of siii lonuiliiig 
siibstniees, if, foi nist inee, wo susjieiid a icd hot jMiker by ijiietoof stiuigni ninl ui, we hnd 
th it it glad . vlly loses its In It, lud ultmiitily 1 m i oiiies wli it Wi turn colil 'Pint tins hi it is 
not commiimi ited to tlie air is pioieel by the fact tli it i siibst line siispLuded by i non loiMlue- 
toi of he It m the must jierfeet i leiiuin we eaii obtain, loses its lii it llidiiiit hi it is thus 
c qiible of tiaieisiiig ,i \ leiiiuii, iiid tins was jiioved e-aily in the ciiituiy by I’liuifoid iiid 
Dii}'^ Tile foiinei suspeiuled i tlieiiiioinetir m lu i \h vusted n 1 1 ii 1 1 by isilkthn ut , and on 
pi « ing a wai m hiibst iiiee oiitsiile the reeiiver, lud opposite the bulb of the tin iiuoiui It i, ho 
toiinil til it a use of temperature was inilieiteil l>ivy plieeil two lelloitois lu lu i ili.iiisli il 
ri'eeiiei, and pioved th it a hot substanee ]>l ui d in tlio focus of one leflectoi e nisi d iii iiu 1 1 ase 
of tempi latiiie it the fueus of the other lienee the triiisinismim of i uli.iut lu it is i ntiiely 
mill pendent of the iir, or of any medium whu li we can roeoguise by tliii i L iiu ms 

lii joud the limit of iiui atmosphere, and hlliiig all spici , we helu ve time is m inlmitily 
tluii and subt'e meelium whieh Is c died the e thei, the luinimfci oils itbri, iiid tlu iiitn ti liar 
ineilmin, indiseiiiuiiiately (See / t/oi, Lniiiinijnov* ) All iicli int ii tmiis — light, In it, i idi mt 
eluniicil letioii, iiitl so on — are held to be tiaiisuiitteil by iiinhilatioiis of tins imiliinn 'I'he 
iiiuliil itionis which coiibtitute ladiint hi at would qipc’ar to be of the smu iliu iitii, iiid 
to trivel^ith the same veloeity as those which constitute light, but tlie nuliviilii il vibi itions 
proihuing belt aic slower thin those of light If we* tike a ni.ass of until and gi ulii dly lie.it 
it it hist becomes waiiri , then as it ic'cciies more of the motion of lu it, its iiioli i uli s vibi ite 
iiioK quickly, iiul it bocoines hot , then it assiniws i dull lod tint, th it is, it begins to emit red 
light, .111(1 as the lie itiiig IS coiitiiuied, the miss becomes or.mgi, jellmv, Mm, until it iilti 
111 ill ly glows with an iiiti use white beat — tb it is, it emits white light bjigi.iilii.il nlililiou tlu* 
he it li IS iiicii iseil, and h is eiiik*d m light .iiid hfc.it togethtr So, .ig.iin, in i Doling, tlu j i vi ise 
I fb it t ikes pi lee, until the iii.iss ee ises to bo liiiiuinms, and then iftci i while ei isi s to In pi i- 
ec plibly hot He.at olieys tlie s.amo l.'ws as light, iii legaid to its van itioii in iiiti iisitv, is thu 
ili't nice mcic.asps, an*l ilso .as to its refleetioii, lefnetion, iiid ixil lus itum, iiid tin le in uldi- 
tioii il le.isoiis for the lie lief th it light ind lie it are inodilicatums of the s.iuie .ulioii, dilletnig 
not in kind, .iiid only slightly in degiee 

I! idiaiit heat is the iiiotiiiii of heat tr insmittcd to the etlm, which motion is I'cop ig iti il in 
the fill m of waves through the ether Thus when a hot suhstineeis euolmg it is i niiniiuiii- 
eitiiig its motion on all sides to the buironnding ethei, .mil this oeeuis in .i i.aiiium i qii illy .as 
111 ,air, bee.iiiso the luminiferous ether is so nihmtely subtle* that il pissis tliioiigh the ili iisest 
biihstances and pel vadcs them , thus aii exh.iustcd reeeivei is ih full of the elliei i-, btfon ev- 
il iiistion, and for this reason a wann body cools when pl.aceel in it Now, .is i hot body w Iiie h 
is cooling conmmiiicateji its motion of heat to the ether m sti audit line s in eve ly rlnei tioii, like 
the rndii of a eiiclc, or (to go kick to the more ducet elciiv itioii) the s])oke s of i wheel, thu 
action IS known as laditiliDH, aiiel the motion thus tiansmitted is iiiduhil /util (Sir ilso 
Mwiption of Jlcat , Caloicatence, Dynamic Jhaiiny of itati'i , Jlml itoi , Oljiniic Jltat , 

J’ohn iwtion of I/uU , llndmtion of Meat , IhfkeUon of lUat , Itifiailioii of Jluit 

IIADIANT POINT See Divergimj Rays 

HADIATION of heat liadiaiit heat has been defined above as lic.it jirop-igateel in 
straight lines through the ether or interstellar medium in the foi in of iiiidul itioiis, and after 
tile nuiiiTier of light ll.a<liatlon is the eonimumealiou of tlie motion of be it fiom the pii tides 
of a heated substance to the ether All eubataiiees radiate heat, .uul the late of r idi ilion ele- 
pends upon the difference of temperature between the substance raili.itmg and pioxiimitu bodies 
(bee 3 'Aro/y ei/^ Aicc/itinycs ) The radiating power of ilifferent subst.aiices v.ii u s i euisiele i.ably, 
and Is to a greafr extent dependent upon the nature of thu surfaces If wet ike .i cube of tin, 
one* surface of which is brightly polished while another is coated with lamii-bbiek, and fill it with 
boiling water, we find that the effect of the diffeieiit suit s upon a thermometer pi leed at the 
Batne distance from each side is very different. When the thermometer is placed op2>ositc the 
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blackened side the temperature rwes considerably, because lamp black w a good radiator of 
heat, and readily transmits the motion of heat to the surrounding ether , on the other hand ’ 
the thermometer is scarcely affected when the bright surface of the cube is presented to it b^’ 
cause the metal is a bat! radiator, and cannot transmit the heat of the boiling water within' tli> 
cube to the surrounding ether If, liowcvor, the polished metal surface is covered mtb a !too,\ 
radiator, as by covering it with a layer of varnish, copious radiation is at once manifest It ^ 
clear, therefore, that if there are two vessels filled with boiling water, and if one is composed of 
a good radiator of heat ami the other of a bad radiator, the former will cool soonest Kmco 
boihiig water placed in a blackened vessel will cool sooner than if it were placed in a polished 
vessel , and, for the same reason, water cools sooner in a kettle covered with soot than in one which 
IS blight, and in an eartlionware teapot tlian m one of polished silver Good radiators of licat are 
also good absorbers — m other words, substances which readily transmit the motion of hint to 
the ether also readily absorb it from the ether (See Ahaorpium of Heat) If we jilaco a 
blackened surface and a brightly polished surface side by side in front of a fire, the foimer will 
quickly aciimic heat by absorption, while the latter mil reflect nearly all the radiint he^t 
which falls upon its surface Or we may vary the expenment by coating the bulb of i tin riuD- 
meter iinth tinfoil and holding it at a certain distance from a source of heat , the nicrcuiy is 
scarcely affected, because the heat is almost entirely reflected from the bright metal If no 
now stiip off the tinfoil, the mercury rises at once, because the glass of the tbermomctci bulb 
IS a better absorber, and hence worse reflector, of beat than the tinfoil , but if, lastly, we enur 
the bulb with lamb black, the mercury will nse more rajudly than before, because tho lamp- 
black IS a better absorber of heat than the glass, and reflects none of the rays f dling upon it 
Of the total amount of ladiant heat which falls upon a surface a portion is absoibed and the 
rest leflected, hence the reflecting power is the complement of the absorbing power In i ftw 
instances the absoiption is complete The radiatmg and absorbing powers go hand m Inml , 
they are reciprocal actions In the followmg table (which is given by M Pouillct m liis 
EUmnta de Physique Exp, i imentale) tho nidiatmg and absorbing powers of various hubbtaucL', 
with tUcir reflecting powers, are show u side by side — 


Iladiatinir 

Kames of Substances and absorb' 
lug puncr 


Lamp black, 4 . 

Carbonate of Lead, 
"Writing paper, 

(il iss, 

( lima ink, 

Cumlac 

Silver foil on gl iss, 

C ist iron, pulislied, 
Jlcroury, 

AVrouglit iron, polished, 
Zinc, polished, 

Steel, 

Platinum, imperfectly- 
polished. 

Platinum, deposited on 
copper, 

PI itiuum foil. 

Tin, 

Metallic mirrors, tar- 
nished. 

Metallic mirrors, freshly 
pohshed. 



Names of Substances 


Brass, cast, roughly 
polished, 

Brass, hammered, 
roughly poli3lii.d, 
Brass hamraerod, 
highly polished, 
Brass, cast, highly 
polished. 

Copper, deposited on 
iron. 

Copper, hammered or 
cast, . 

Gold plating. 

Gold , deposited on 
polished steel. 

Silver hammered and 
highly polished. 
Silver, cast and highly 
polished, . 


andabsmt 
ing power 



Some of those results were obtained by Melloni, but those which relate to poli‘-hed mttilhc 
surfaces aro from the experiments of MM de la Prevostaye and Desains The numbers iru < n 
■tho above table do not romain quite the s.ome for all temperatures and for all sources of heat , 
thus, m regaid to eiolar heat, the lamp-black and carbonate of lead arc not found to haie 
precisely the some absorbing power, for the former absorbs rather more of this heat than the 

latter v n f f 

Badiation takes place through a vacuum, as was proved by Eumford Moreover, the 
the sun traverses space, which we believe to be absolutely vacuous, befoi* reaching us 1 
lodiation takes place m straight lines, and equally m every direction, is implied by the term 
itself (Sefb also Radiant Heat , Hiathermanty ) 
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jj^DIUS VECTOR {Radius, and lector, a earner ) In astronomy, a straight lino sup- 
posed to be drawn from a central orb to a body travelling in an o-bit around it 
* llADICAL {Radix, ladtcis, a root ) The basis of a compound Gerhanlt’s definition is 
"the proportion in which certain elements or groups of elements miy he snb 4 itutod foi others, 
or may be transferred from one body to another in tho act of double dctonipositioii ” (rico 
Radtud, Gompound*) 

KADICAL, COMPOUND In organic chemistry, a compound radical is a group of ele- 
ments which, 111 the various changes and decompositions which a s ibstmcc unJiiyms, rem tins 
uiiatfected, and acts as if it were an clement, thus cyanogen, cacodyl, ethyl, the group A()_,, 
&c , ai c^compoimd radicals 

RAG WIIKUL A mcchanvsal contrivance for converting rotatory motion into rectilineal 
or the reverse, in which the teeth of a wheel arc caused to ivoik in the links of a di mi 
rain Water falling in diops fiom the upper regions of tho an 'J’hc actn il jiroc css of tho 
production of rani has not yet been completely evplimcd, nor perhaps will it be until nc know 
more of the eonstitiition of clouds, and Lsjieiially of tho structure of then constituent i^lolmlcs 
De Saussiirc, K iiiitz, and Kiatzcnstein think that these globules arc hollow, avbcii, is hii John, 
Hcrschel indJh Tindall suppose them to be simply minute \\ ater diops “ It is ccit uii,’' 
sajs the lattei, “that tliey(tlie globules) ]^)osscss,on oi iftei precipitation, the jioivli of luiildiiig 
themselves into crystalline fonns , they thus bung forces into play which wc li ii c hitlicito Ijllu 
accustomed to regard as molecular, and avhicli could not be isciibcd to the aggiogites iiecc&s.uy 
to form vcbiclcs ” 

Tho general causes leading to tho precipitation of rain are probably the following — 

(l ) 'I'lic tooling of clouds thnjiigh the edicts of loiliation 

(2 ) The commingling of nearly saturated masses of air at different tcinpci'' 

Sutuiation ) 

(3 ) 'I'lio -.cent of masses of moisture 1 idcn air towards colder regions 
(4 ) Tho iiopaot of such masses against some cold surf tee 

(5 ) The tiaiisfei from oipiatonal toavaids polai regions of large masses of moisluro lidcn an 
by incan^of the upper soutli avcsterly or conidet hade itiuds 
Tlio iiiciease of atmospheim density or pressuie is sometimes added, but as siuh a change is 
alwijs accompanied by an iiicicase of tcnipcratnic it docs not cause coiidi us^tiou i)i 
T>iidan, speaking of such a process, says, “ The heat developed is more than suilieicnt to pie- 
scive the moisture in the state of vapour ” 

Jlleetiicity IS regarded by many meteorologists as largely operative in caijsing the prerijufation 
of rain, but tliougli it is true that no ram stirnn evci tikes iilaces without eleetiu al ulitui being 
del ('loped, ave ought rather, it would seem, to regard this aetion as the eftcet than as the cause 
of the prccipitatniii 

Tho cuciiinstanies affecting tho action of these sea’eral causes in different ]ilaccs arc cliiofly 
the following — Tlie’latituflo of the station, the elevation above tin scalcvil, tho proMuiity 
of the sea , the laws affecting the seasonal vaiiatioiis at the place , tho pica iiliiig winds , and 
the conhgiiration of the surrounding surface Home of these circumstances have been coiisidcied 
ninki the ho id Vlunate 

In geiicr il, loav latitudes are regions of heavy annual rainfall The rap’ ^ evaporation avluch 
takes place over moist regions under the tropical sun causes ascc inhiig an cmients, and the 
ujiliei legions, of the air being raicr and colder than the lower, and ladiatioii of heat taking pi ico 
lapidly from the upper suifacc of clouds — ^brought here, as Tymlall cxpiissis it, into the 
presence of pure sjiace — (dry air having no appreciahlo effect in checking radiation), tlicro 
results a copious precipitation Over the equatorial regions, thircfore, and 111 a less digree in 
tropical and sub tropical regions (with some notable exceptions, however) clouds are foiiiu d by 
the action of the sun, and their formation is followed piesintly by the piecip tition of heavy 
ram showers Humboldt estimates the average depth of rain falling iii latitudes o’, ly”, 45 '’i 
and 6o“, at 98, 80, 29, and 1 7 inches, respectively 
Winds blowing towards the equator are commonly dry, and winds blowing fiom tho equator 
arc commonly moist We venture, m place of the explanation commonly given of this eiicmii- 
stance, to refer the peculiarity to the simple fact that winds of the foimcr order are bloaviiig 
from regions where the air is less, to regions where it is jjmm e heavily laden with moisture, and 
lice vei aa 

Forests are great generators of ram (see Forests, Influence of, on Climate), and as ram m tnm 
encourages vegetation, a forest-covered region tends to reinaii^unclianged in character, or to ho 
Covered j’ear after year with a ranker luxuriance of vegetable growth And, in like manner, 
and r&gious tend to remam arid, even where an attempt is made to change their character, 
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because the intense heat of the soil and the diynesa of the superincumhent air picvent ertn 
moisture laden winds from bringing lain to nouiish vegetation '■ 

The iiifluoncc of the seasons on rainfall vaiics with the latitude Under the troiucs the Ians 
aftccting the fall of ram aio much more regular than elsewhere On the ocean wc ha\c clear 
skies whcLc the tiade-wiuds aie blowing steadily, and heavy ram falls bydayoio. tin mtor 
mediate zone of calms , but on the land we have a regul ir alternation of dry and wet sciions 
In what we must call the wmtei of the tropics (ace CZi mate), the sky la serene, m 'ipiiivf it 
becomes moist, mil the rainy season sets in whf*n the sun is near tlie zomtli WIku "the 
inteival between the sun s successive passages of the zenith is long (as at the equatoil (In re iro 
two wet sc isoiis, both oeeiimng in the* summer months When monsoons jirovaiJ, howevi i, the 
altei nation of dry and wet seasons depends on the winds When the southwest moiiMxni is 
blow'uig ovei Iiulii, for instance, there is no ram on the* east coast, but abundant laui ou the 
west coast J)iuing the north east monsoon these conditions are reversed 

ISe^oiid the tiojues, with mcoiistant winds we get vanvble rvnifall In England, in pailimlu, 
the r iiiif ill IS lemaikably v vnable whatever season oi montli we consider In the Ihitisli 
too, the Ciilf Stream, while adding on the whole to the sujiply of lani, causes pociiliaiitn.-, of a 
vci j ill iilced ell iraeti r in the distiibution of the supply \VmJs fioni the east often dnv c h lek 
the nioisturo-laden south-westers, especially in spiing At such tunes the an becomes '•mgu- 
laily dry 

Tlic lainlcss regions of the earth arc — the coast of Peru m South America, the valk y i>f the 
rivoi-, Columbia and Colorado in Noith America, the Sah ira in Africa, and the dcseit of Cobi 
in Asia 

'I'JiL* liL'aviest annual rainfall on the globe occurs on tho ICliasia Hills, where no Ic*s thi'i Coo 
inat relicctt* the couv-'c of a year, 500 falliug duiing the seven months’ continuiiiii of tlie 
instances thr / luonsoons Tho following estimates of annual laiiikdl in tropic il pliLL*. m 
theyai*} re"jinchau's Ilmdybook of ileteoiology — Smgiporc, 97 inches, C in Lon, 7S St 
Benoit, 163 , Sieiia Leone, <>7 , Caiaecas, 155 , I'ejnambueo, loG , Jlio Janieio, 59 , <Jiii a 
town, loo, Birhvdoc'*, 72, St iJomiiigo, 107, Bahamas, 52, Vera Cmz, 1S3 , Ctua, Oo, 
Doldiums of tho Atlantic, 225 , and ALuaiihao, 280 

In Europe, the wostcily eouutuos have, foi the most part, tho gie itest rainfall At C'onnhi 1, 
the annual lamf vll amounts to 123 inc'.es , while at Petersbuig it is but i8 2 In tho Jhili-n 
Isks the laiiif ill vaiKs itin iikaLly At Skyo, in the 1 ike distiiet, tho annual 1 unf ill is ibniit 
224i inches , at Scithwaitc 111 Ciinihei land, 18}* , but in the eastern p.iits tho lainf ill \ iim 
from 20 to 28 inches , lu Eiaucc the avciago is 30 niches , in the plains of Germany iiul 
eia, 20 niches 

SVeowetuMi Rj mons the attentionwhieh has of late years been paid to the subject of 
rainf ill 111 Gre it But un 

See fuithei Kamtz’s Meteorology, tianslatcd by hir C Walker, iJaniell's Meteoiolo^aal 
Essays , the wiitiiigs of Dovi!!, Glaisher, &c , and Keith Johnston s Pliysical Atlas 

IvAINBUW A luiniiions arc soinetmics scon in the sky oiiposite the sun duiing run It 
isfoiiiicdby the j lys of light being icflected from the inner Biufaec of the spheiieil diop-. of 
laiii, and lofracted and dispersed aa they cntei and quit tho drops The result is i iiiid 
titudo of colouied spcctia, aa many, in fact, as there* are drops of ram But out of the 
whole numbci only those which are lefleeted in a certain diiection can come to the ob^llVLI 
The light foiining the lambovv mikes the shell of a eono, whose apev is at the ob-jeivei s eyi, 
while tho radius of the eiicic forming the base 13 about 41'’ it follows, therefore, that no two 
people can see actually the sune bow, as each person receives the liglit from difiermt droj)' 
The colours arc the same as 111 the solar spectrum, the innermost being vmlct, and the oiiti 1 
most red Undei veiy favomablc circumstances a much f imtei bow, called tho secondary ram 
bow, is scon outside the pnucipal or primiry rambow It is due to two reflections and two le- 
fractions Occ*iMonally a thini has been seen The hght of both r.iinbows is polarised m 
planes passing through the eye and tho radu of the arc. (See Iteficclwn of Lijltt, Total, 
Jiqfraction ) 

IIATNFALL The amount of rain falling m a given period (See Ram ) 

BAIN GAUGE. An instrument for measiunig the fall of rain The simplest form is a 
metallic cylinder, with a glass tube (divided into inches and parts) rising from the bottom 
A float, with an attached sc.ile rising above the level of the rain gauge, is sometimes used, as 
the glass tube is apt to break during frosty weather In some rain gvuges the apert ire l. much 
larger than tl e diameter of the ■^ssel in which the rain is collected Mr G-’J Symons rc 
commends this sort for general use A form devised by the late G V Jagga Eao, of Viziga 
patain, is worthy of notice on account of its cheapness and simplicity 

Kam-gauges, so devised as to mdicate the varying rainfall with diilereiit winds, to have their 
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ftiieihire always at njjht anjrles to the wind, and to aiisnci other iiuriiosL^, h iie linu dt vised 
Ml Symniis others 

A 1 iin g'li's® must ho placed close to the sjroimd, as delation eauses a inaiked diiiiiiinlioii in 
the aiuount of fall The cause of this pcculiaiity has not yet hcin h.iti^f ictoi ily ts])! him d Dr 
j'l uikliu suggested that the condensation of the aipicoiis vapour of the .atuui'.plRio cm iln i mi- 
elrojis as they fall may he the cause , hut Sn John Heiseliel has shown that only a sc v c. utc^Liith 
nait of the iiKreasc can bo ascribed to this aanso 
RAMSDKI^'y EYE-PIRCE Hee Postliic E>/c pic(,e, 

RVNtllO OF A PROJECTILE isee Pi ojk I ilit 

R MJCKACTTON (iifu </«( lo, to r infy ) The action of a property possessed hv u i"-! ■■ iiul 
aclifoini fluids by which the iiiteivils between the p irticles of inittei eoiii[)osiMg tlic iii m ly 
ho iinieased or diiniinshed, so that tho saiiic weight of the g is oi copies i gie iLei sp k c Rue 
fielion is ]iiodueed by dimiiiisbing the piessuic oi by meie I'.nig the teinpei ituic. It i' diiccUy 
piopoiticiuil *o the dnmnution of pressure, and no hunts to it have is jithun disiccuud 
Ifowev ei sin ill a (juantity of gas m ly ic luaiii in i giien space it is shown by Geisdei s i leuiliii 
tuhis til it till gas oeeujius the whole of the sj> ice 

JlArt ALiJIcl'lII {Iril lie ) Tho stai a of tho constellation irprciilos 

RAS ^VldljeOUE (Aiahie ) The stai o of tho eoiistellalion Oplnnchiis 

RNTCIIET WHEEL (Ficiich, lochit, Itdiaii, ^ouhUlo, a spiudlu , luuii, a distill) 

See /(fi/c 

RV\S, (vONVERGING See Come, yni'/ Ituyx 
RAA'S, DIVERGING Sea Ditayin/j liaya 
R1 VCTTDN HecAD/oii 

RllAtITTON, ClIllMICAL (Pe, again , and w'/o, adiim, to put in motion ) 
action of eUeiiu' d agents on each othei (Seo Heaynit ) 

Rl'VGMNi' A eheinieal test which senes to disliiiginsh the picsriii o of a sec 
gr miiofsidj^bM ^ s by tho mutual vetiou which they exei t on one aiiothei 
JilWrifrAR See Aiieiii,, tS'K/p/iuha of 
1i1;ATj"TAJ’A(tE See Vuliwl, Ileal 

Iil'.COMPOST'riON OF WJH'I’li LlGllT If light, winch has ht'cn dispeisid into its 
piiiiiiiv lolonis by means of a piisin, he pvssed tliioiigh anotliei sjnul.ii piisni, hi Id m the 
i( V 1-1 dm ttioii, the colours arc lefi leled h uk .ig-uji, ind c uisi d to tiavel in its oi i_iii il dm ( - 
liciii foiiinng white hejit again If the spcitinm he iinivcd upon i >-iiks of Miidl niiiiors 
(si> s< von), and these ho tuiaieil so as to leflcft the nuideiit eoloiiis on to one sjioi, ol i wliito 
^fritn, lliey will lefoim white light If a ciiciilai disc he dividiil mto hcveii poiUccjis by 
laclii, and these be p iintcd with tho seven colonis, on tausiiig the d'-e to lol it' i iindly, 
the pirsi-teilee of vision will e luse the mcvoii culouis to he pic sent on tin rehrii at tho 
Pi’iie tune, and the Result will ho a iinifoim giay lint, it tlic spues foi eieh lolccui hue 
liccu cau fully appoitioncd The reason why white w ncjt piodueed in this expeiimeiit is, 
tint artifiiial p'cgineuts never leilect puie colours hut mi' tuns, tlio purer the eolouiH the 
iron lie lily the g lay appioache a white {Sec Colout s v/ JJodtcs ) ^ 

RED Ll'WD Hoe Zeutf, Oxnlci 

ItLD TiEAD ORE See Chumiatet, Chiomale of Lead 

lull-) 0\rT>E OF MANGANEHE Hoc Manyancsc, Oxides. 

RJ-I) PREfTPITATE HeeJ/ticmy, Oxides 
RED m’ARH Hoe Stars, Colours of 

REDUCTION {He, hack, and daco, to load) The separation of oxygen, ihlrmnc, or 
allied elements fiom a metallic compound ao as to leave tho puio metal, is usually teiined leduc- 
tion But tlie teim is frcqueutly extended to an incomplete action ot tins soit, oi even to tho 
addition of hj'drogen 

REED PIPES The reed applied to an organ pijic or other bounding ]upo, acts as a sjinng 
valve whose motion permits sucitssivo puffs of air to pass through The simplest foim of 
retd pipe consists of a short pipe closed at one end A stiip of the pija niimmg along 
it and near to the closed end is removed A spring, slightly coiitive, is fastened to tho 
tube at one ond, tho other being free When the spring is hint flit it iitliir covers tho 

hole entirely (clapper reeds), or passes into the opening (free reeds) If the closed end of tho 

rted IS placed m the mouth or other vessel of air, and the air is foiced into the tube, tho 
Valve Will he slammed and tho current stopped If tho lattir he not too strong, so th it 
the reed sjinng* is shut by the fnetion and momentum of the .lu jiassing by it, and not 
liy the steady pressurfl of the air, the valve will open whti* the current is stopped, and allow 
a frcsh*cuiTent to he established In this way a succession of ai- puffs will pass by the reed 
which, if sufflciently rapid m their succession, will constitute a musical note. The pAeh of the 
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note, dppen<lmg upon the rate at v’lnch the icctl ■vibrates, can bo changed by shortuini" t’uii 
free end of the reed , this is done by sliding a wire along it from the root toivaids tluTfnl 
extremity When the reed is applied to an organ pipe, the note produced depends upon thi 
length of the pipe (see Otyaii Pn‘c), rather than upon the length of the reed (^Hce c i 

Ela<itic Jiod) 111 fact, when the note m the pipe is established, the reed obeys the impulses ic 
receives from the air in the tube Its use is accordingly rather to economise the air and to 
certainty and precision to the sti ihing of the note 

REFLECTING- MICROtSCOFE A form of microscope devised by Amici, in nluch a 
r(flccUnfi miiror is used instead of the oliject yfnss The object being placed in one of the conju 
gate foci near to themiiTor, an iinige is formed in the other focus about lO inches off, and i 
examined by an oj c juece , this form is now obsolete (See lUtiroscojK ) 

TlEFLECT'TNG telescope Refleclmg telescopes are almost cntiicly used fni 
astronomical purposes In them light from the object falls upon a concave ijia iil iiiti ind i 
thonco rctlccted either to a minor, or to an oye-jiioce, according to tho particular construction u 
the tekscojie (See Ctiiici/mnum Ilirstlielmn, O'tcyouan, and JVeulonum Ttltscopci ) 
REh’LFCTTON, ANGLE OF Sec fncidcnn, Am/lc of 
RElGd'XJTION, LIGH'r LOST BY See LkjM Lost by Reflection 
REEIiECTION OF COLD Bees Theot'y of Lxrhanyea 

REFLEOTTON OF HEAT (Iff /Info, to turn hick ) Wlicn radiant heat impinges upoi 
a polished surface it is reflected, or tuiiicdback The ordinary leflector of our kitchens is usli 
foi this purpose, and the brighter its surf rce the more docs it concentrato heat upon tlic tlnn^ 
■within it Tho reflection of he it was -w ell known to the ancients According to I’liiij, tli 
flficrcd fire of Vesta was rekindled by reflecting the rajs of the sun from a niclilhc iinrnvt 
M iciioctci aita mentions that heat, bound, and cold may he reflected by mirrois in pitcisuly tli 
instances the i monsrht Now, as thennomecers ivtit not jet mvcntf d, he proh ihly dctcctid tti 
they ai>32ro"itj,jj, jm hand in front of the minor, hut this test was not sufficii ’j,tly dentate in tli 
case of the reflection of cold, consoijuently he placed Ins cjo m tho focus oji>, 1 •l,.„is tli 

most deliuatc orgaiiiem of the body, just as some two-andhalf ccntuiies latci l)i Ttiul ill ilii 
ingly placed Ins cjo m a focus of dark heat rajs, in oidci to see whether anj liglit accoinji um i 
tho heat The followingis the account of Boita’s ovpciiincut, fiom tho scvcntetiilli liouk of tli 
celebrated Natmal Mwjh “ C'alorcm, fiigus, et \occm, speculo concave icflccleic ” ‘ iSiipii 

candel i in loco, ubi apcctabihs res loouri debet apposuciit, acccdot candela per aciciu iisipn ul 
oculoH, et illos cnloie et luminc offendet, hoc autem mnahihus eiit, nt caloi, ita fiigiis nlleeti 
tur, SI CO loco liix ojijiciatur, si oculum tetigcnt, quia sciisihihs eti.ani fiigns ptitqiii t ” lion i 
venture Cav ilicii, wilting in 1O32, meiitioiiH tli.at he influncd diy suhst-iiices by relliiliiig lln' 
heat of huming charcoal from a sjiheiipal minor, and when a jiai ihohc minor w is eulistiliihil, 
he could priKluce the effect at a distance of hvc feet, with a sniill iiic of wood as the soiucc of 
heat About fafty years l.atci TVhiinhaiUfen, coubtiuctcd a mirror of pnh'-hed ciqipci, m ulj 
6 feet in diameter, vvhicli readily molted very icfiactoiy substances The hii^est huiiiii , 
minor over coiistiuclod was devised by Biiffon, and consisted of a hundred siu ill niinoii if 
looking ghi'is arranged on a frame, so as to he capable of easy adjustment m any jiosiLioii , hj 
means of this he could inflame wood at a distance of 200 feet fiom the surface of tho iiiii-ror 
Dark heat is reflected 111 the same manner as light, and according to the same 1 iw tint is to 
Bay, the angle of mcidcncc of a ray of heat is equal to the angle of loflection , it iiniiingcbiipon 
a reflecting surface at a ccrtcain angle, and it leaves the suiface at the same angle If we ]lllLl 
an .ur-thennometer or thermo clcctiic pile in the focus of a sphcncal, 01 belter, a pal aljollv 
mirror and place a vessel containing hot watei in fiont of, but at some distance from, the imuor, 
we notice an immediate indication of heat The rays of heat ptoccudiiig fiom the hot w ah r 
have inqiingcd upon the surface of the mirror, and been thence 1 efleeted upon the an the lauo 
meter If two parabolic miirors are pi vecd face to face, with their axes peifcetly coni ink iit, 
and a source of heat be placed in tho focus of one of them, the reflected heat is vciy evident it 
the focus of the other, although a space of several feet may intervene between the two riiu' 
phonis may thus he ignited by the heat reflected from a hall of metal below ledmss, and tl c 
effect upon a blackened air thermometer is very maiked The reflecting powers of biihstancis 
vary gre itly , a comparison is maile between the rach itive and reflective power of various ‘^ub 
etaiices in the table given under the heading Jladiation of Iliat It will be noticed that the 
metals which reflect heat mrst completely also reflect light very readily , moreoitr, that goml 
reflectors of heat are bad radiators, and nee trna In all matters connected w itli reflection 
dark heat and light resemble each other perfectly See aLo Thuny of E echmiycs 

REFLECTION OF LIGHT When a ray of light falls ujion a polished suifieejtLS r"’ 
fleeted or turned away from its original course The angle which the incident riy forms wiU 
tho plane reflecting surface is equal to the angle which the reflected ray forms w ith the saims 
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surface Parallel raj a of light inciacnt on plane minors remain paialkl , wIilii incuknt on 
'concave mirroiatlicy arc converged to a focus, and when incident on com c\ mirnuo tluv heeonie 
divergent A concave reflector la frequently used instead of an object glass m Astumomical 
telescope'^ (Sec H^ertinrj Telescope ) 

KEVLECTION of light from metals See Metals, Coloinsof 
KEFIjLCTION of light, total When a lay of light passes obliquely fiom ai.arer 

into a denser medium, the sme of the incident ray is always gieatci than the Miie of the le- 
fracted ray, and a considerable poition enters and is lefracted, however great rniy be its obli- 
quity, but the converse of this Joes not hold good If a lay passes from .i don-je medium into 
a rare one, the sine of refraction wdl exceed that of meideuee , and vvlten the i ly la iiieideiit at 
a greatci angle than that at which the sine of the lefracted i.ay would be equil to the T-adius, 
the refiactiou of the ray becomes impossible, and, instead of enteiiiig the i iiei inediiiiii, it is 
nllccted bach ag Mil from the internal smf ice of the denser , if tho obliquity be sutlieieiit no 
Imht IS lost, and the hiilli nicy of the light thus reflected fai eveeeils that fioiii the best met lllie 
jiiiirors (Hiooho's Natnial Philosoplij', p 1060, and Erewstei’s Optics, ji 31) Tin .mole at 
V liieh luttmal reflection oeenrs is teimed the liuutiuQ amjle, which sec, also lliuht 
I'l ism V 

llJiFLLOTION OF SOUND With regard simply to the direction of the sound red ^eel 
from a sin f ice, it la found to follow the same law as the ri Ileetiou of light uul heat, iiaii^y, 
that the path of the sound after reflection makes the same angle with the lefleeting siiifacc\if 
plinc, as it did before reflection, and that these two vlireetioiis ual the pei ptndienl u to thesv- 
f ice .are in one pi me If leflection take pi ice fiom aciirved suiticc, the diicetiou of the ainfalo 
at the point of impact miy be reiircsciitcd by the tangent jd mo at tbatiiomt 'J’bn 
IwMly, as a bell, pi ice'll in the for ' " ”>bobc tnn-por mil inn, ujf yibi-'i- 

tious, those which sti*’' . ^ „vio , cuey m 

on a sucimd iiir.ab nijugate with tm- tnit is, having aeommou a\is then with, 

ind As in the CISC of light, spheiieal surfacea of sm ill ein v ituie in vy bo 

mbstituttd f jr parabolic ones, and then tlie sound emanating fiom tho pmicip.il foe us of one 
inrror (tho pmiit on tho pimeipal a\is halfway between the centre and eentie of tmvatuic), 
Mill he concentrated at tho piineipal focus of the other miuoi The curvatuie of the walls of 
iinny public btiildings is such, that the sound of tlio voice when the spcikei is iicai to one nail 
Will ho tlins twice letlected, so th.it a peison situated at a coiiespondmg point nc 11 tin opposite 
wdl will heir the speaker distinctly, while those between the two, ami theiofoie lie ucr to tho 
f-ptaker, w ill f.ul to do so Such is the action of whispciing galkiies, &e •J'klio is .1 fiiuili.ir 
illusti.ation of the reflection of sound If hands be clapjied 111 the open 111 befoie a w ill, a few 
> uds oft, two sounds will reach the ear, one the direct sound from the liaiids to ihe tai, tlie 
ether the same sound, which is leflcctedfrom tho wall befori' icactiiig on the cai 

As, however, the ear cannot (listiiiguish between two bounds at an inteival less than l-lCtb 
of a second, these two sounds will be heard as one If the wall he about 35 feet away, tho 
hound, to travel there and back, will have to pass thiougli 70 feet, .and this will take .ibout 
I l6th rif i second, since sound ti ivels at the rate of about 1 lOO fei t pei bceonil Aei oubngly, 
the dncct and lefleeted sounds will bo heard distinct The further the w.ill is .vvv.iy tin longei, 
of course, will the sound t.ike to leach tho tar after n flection In siie.ikiiig bcvei il syllahles 111 
rajiid sueeession the (ust may not yet have le.icl.cd the car before the List li.is quitted the lips 
nd an eelio IS haul to be monosyllabic, disyllabic, &e , according to the iiumbei of syll.iblea 
which can be uttered before the first returns An echo iniy .ilso bo “ inultqik" — that is, a 
'■nigle sound m.iy give use to a number of echoes Thus if a ijer..oii stand miJw.iy between two 
puallLl walla, A and B, and fire off a pistol, tho repoit will stake the wall A, be reflcctid, and 
leach his eai .it the a.inic moment thu,t tho souml has reached his c ir after refli i tion from B 
lurther, the sound which reaches him from A will go past him .uul bi leflected back by the 
wall B, and 1 each him at tho same moment that the sound reuliis linn wbiili has hem re- 
Iketf d from B, tlieiice to A, and thence to the auditui In f-hoit, with a loud loiiort and 
'■inooth, acrtie il, and parallel walls, the echo of a smgle repoit may be veiy in.aiiifold It is clear, 
however, that those echoes which hav c been refleeted most often will be tlie feebh''t, having 
had to tr.avcrse the longc&t paths The continued noise produced 111 a lonin by a hiiigk loud re- 
port 13 due, in like manner, to tho succesbive echoes fiom the walls, which aie usually so near 
to one another tliat the separate sounds are blended Clouds aio eapablo of producing echoes, 
13 often observed at sea when a gun is fired beneath a dense cloud Whenever n fraction of 
^ound Occurs, as ■fvhen/i sound p,asscs from a le&s denso to a more dense medium, reflection 19 
alw .ays produced lienee it is that sounda arc heard at a gieat distance when the air is of 
uniform density, as in the polar regions, and generally at night During the day tb*. unequal 
heatmg of the earth and the continual abceut of watery vapour fiom dillerent portionB m vary- 
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ing quantily caiises reflection to occur when the sound passes from one medium to another, and 
consequently a large portion, of the undulations are dispersed 

The speaking trumpet, speaking-tube, and ear trumpet are applications of the refloctmn of 
sound Tho first two confine the waves of sound by the reflecting power of their sides to s 
column of less diverging waves , the latter receives a large volume of sound waves, and, by 
reflection, concentrates them to the narrow end of the tube placed in the cai 

BEFEACTING- TELESCOPE A telescope in which the principal image is formed by 
lefraetion through a conv ex achromatic lens, instead of by reflection from a concave siicculum 
REFEACTIOlSr, ANGLE OF See Jtefi action. Index of 
REFRACT [ON, l^OUHLE Double Jtefraetion 

BE b'E ACTION EQUIVALENTS Dr J H Gladstone gives the following table of the 

refraction equivalents of the elements (See Refractive Energy, IdjpcciJii ) 


Aliimiiiinm, 

• 

• 

84 

Molybdenum, 



10 4 

Antimony, 

• 

• 

245 

Niekel, 



Arseiv^e, 

Baii^i, . 

• 

• 

IS 4 

Niobium, 
Nitrogen, . 




• 

• 

158 



4 I 

Beij^lum, . 

■ 

• 

57 

Osmium, 



Bisi^Uh, 

• 

• 

392 

Oxygen, 



2 9 

Bo^h, . 

• 

• 

40 

Palladium, . 



22 2 

BrAnuie, • 

• 

• 

153 » 169 

Phosphorus, 



183 

Cahmium, . 

• 

• 

136 

Pl.itmum, . 



26 0 

Cijf-'nirn, . 

a 

• 

13 7 (*) 

Potassium, 



8 I 

inilectfei 1 

• 

• 

10 4 

Rhodiuir ow j 



24 2 

instances tbcj mons 

Jilt 

INuvf, 

iis thermonu cers wt^t not yet inveiiti a, 


14 0 

thgy , 

Chloniie, . 

« 

• 


IS not siilIiLii .1 

• 

« 

9 9 , lo 7 

Selenium, . 

» hieus 



Chiumium, . 


• 

159 

Siliuum, • 

• 

• 

7 ^,CJ 

. iys 

Cobalt, 

Copper, 

• 

• 

10 8 

Silver, . 

• 

t 

• 

« 

11 6 

Sodium, 

• 

• 

48 

Didymium, 

• 

• 

160 

Strontium, > 

• 

• 

13 6 

Eibuim, 

• 

a 


Sulphur, . 

• 

• 

16 0 

Fluorine, . 

• 

• 

*4 

Tantalum, . 

• 

• 


Gold, 

% 

• 

240 

Tellurium, . 

• 

• 


Ilydiogen, . 
Indium, 

« 

• 

• 

* 3 . 35 

Thallium, 
Thormum, . 

• 

• 

• 

• 

21 6 (2) 

Tedirie, . 

« 

• 

24-5 , 27 2 

Tin, 

Titanium, . 

* 

• 

27 0 , 19 2 
25 5 (') 

Indium, • 

• 

• 


• 

• 

Iron, . 

• 

• 

120 

Tungsten, . 


■ 

Lantbanuin, . 

• 

• 


Uranium, . 

• 

• 

10 3 

Lead, . 

• 

m 

248 

Vanadium, . 

• 

• 

25 3 (0 

Lithium, . 

• 

• 

38 

Yttrium, . 

• 

• 

IVI.agnesjum, . 

■ 

• 

70 

Zinc, . 

• 

• 

10 2 

Manganese, . 
Mercury, 

• 

• 

• 

• 

12 2 

21 3 

Zirconium, . 

• 

• 

22 3 


BEFEACTION, INDEX OF When light passes obliquely from a rare to a den’e 
medium it is refracted to a certain extent, varymg with the medium employed, as the siiie of 
the angle of incidence always bears an invariable ratio to that of the angle of refraction for the 
Bame ray and the same medium This ratio is called the refractive index of th it niediiun 
This rule applies to gases as well as to solids and liquids (See Refiaclion , JiefiacCue Indices 
of Sohdi, Liquids, and ffeises ) 

BEFEACTION INDICES OF OPAQUE BODIES. See Ojiaqiie Bodves, Indices of 
Refraition of 

BEFEACTION OF HEAT (Frango, to break up, allied to paeraia ) 

Heat, like light, is capable of being refracted when it passes from a medium of one density 
into that of another— that is, the rays of heat, or lines in w hich the motion takes pi ice, ars 
diverted from their course on entermg media, which vary from that which they leave When s 
convex lens is held in front of a source of bght, we know 'that the light is refroejeil and brought 
to a focus on one side of the lens, and the same effect takes place m regard to heat, as is most 
Bimply shown with an ordinaiy burmng glass The refraction of heat was well known'-to the 
ancients Avuitophanes clearly alludes to the use of a glass lens for obtauung £re m the follow 
mg passage from the NuLes — 




Strepaiadea ijSri vapi, Toiei <j>ap/MKoirdi\a.ii t^v \iOoy 
TaGrijv l<jpas, riji' ha\i]i', Tj]if 
6.<p' ijS TO TTVp dlTTOVai, 

Socratca OaXop \^ 7 eisj 

Uliejmadea (yuye 

Suctiihs Tt 5 ^t* fip, 

Sti epsiades el ravTijn Xo;S(I)p, 

ordre ypdtpotro rijp dlKrjv 6 ypapfMTevSy 
airurepu arat cDSf vpot top -ijXiop 
TO ypappcLT eKTtj^aipu tjjs ^prjs dihrjs 

Pliny mentions tliat a glass glolie filkd with natcr was sometimes cmployecl for concentrating 
the 1 1 ) s of the sun, and thus ])ro(lucmg hre , and it occasionally happens iiow-a d lys that a 
house IS set on hre by the suii shining on a globe eif gol<l hsh, the fotiis of the coiicenti ited r lys 
liuiiig fallen upon muslin curtains or other mil immablo substance Laetantius {b ad 250, 
J jjo), in Lib treatise I)e na Du, states that hre miy be kindled even m the eohkst weather 
bj means of a glass globe hlleel with water, and placed in the rays of the sun — “ Oibcnlivit- 
leiiin, ’ he write,, “ plenum aqtix si tenueris in sole, de Uimino, <piod ab acpia refulget, ign ^rtc- 
CLUihtui i tiam in duiissimo fiigorc ” Uunpiowiler has been ignited by a leus of ice , and 15 %)U 
ciiusliucted a liquid lens of consider vble power, suiqiassed, however, by the gieat .deohol b.pi- 
lu-T ^hess of IJuinibres and Trudame, which was 3 ^ feet in diameter 
'J lie identity of the mode of refiaction of heat and light is well illustrated by the jui-m 
iboo, till William Heisehel found tliat ilark heat was refracted beyond the leil end of the spej- 
tiiim , and, inoie recently, Melloni, by iismg a piism of rock salt (which, nidike gH'- ’> 
iliMub dark heat), showed the rcfrTn«i)nbtv of heat by placiiij? the thennonilo 
the houiee of be it, and b( r-i ' ’ " ’ . 

pile For mnie eon' j . ^ me heat rvys, sec (.'(doHSinne 

15Kl''llA(yi’I<7' aiT When a ray of hgbt passes obliquely fiom one U inspucnt 

inciluff wTanotfitr'oi uitiererit density, such as from an to glass, from gliss to witer, lO , ib 
iMcli letcsl or bent out of its oiigiiial course (See P; ism, Lena, Diapcuion) Some eiyslals 
piisiss the propel ty of double tefraUvon, which see 
llllh JIAOTION 01<’ SOUNJJ 'i'lie rapidity with which sound diverges mokes it vciy 
•hlhcult to di tect its concentiatiou by r< fiaetion Suthcicut cvidenco is, huwcvci, it hand to 
slidw that refraction docs take place when sound passes fiom one meilnim to aiiotlii i of different 
I'eii'ity Thus, if a lens shaped bag of collodion Ije hlled with caibomc icii gis, ami j, w itch 
be jil iced on its jirincipal a\is on one side of the lens, the sound of the tukmg will be he 11 J 
I'lUikst on the other sido of the lens, at a point corresponding with the optical focus of the Iciis 
of siiml u shape of glass An car trumpet placed about this spot will convey a louder sound to 
the < 11 than when placed nearer or fuither from the lens, or on one hidi of its a\is A sphcri- 
cd 111 idiloi of carbonic' acid shows the simu effect ihstinetly, but less peifectly 
I! 1-1 1 UAflTlON, POLARISATION BY Sec PolatimUon Phne 
];LMIA(JTT 0 N by IMIISMS ycoPusms, Sjjccti ostope , Adtiomalic Pusni 
111' 1' RACTION, UNUSUAL Under this name Brewster (Optio, p 255 ), classed 
Ptvei il [ihenonieiia of refraction, caused by light passing through atmospheru sLi itiof diliei* nt 
li'i il ikiisitips, owing to local heat or cold In some eases at sea, an mveited image of a ship 
i, --ei n beneath the real ship , and, in other insstanccs, when the greater p ut of a ship is b< tow 
till lioiiron, two complete images of the ship have been seen above it m tin iir Tlie ippear- 
ruices known as loimiin/, viiiaije,fata mon/ana, are phenomena of'umisiial lefrielion 
lILJTtAOTIVli EIsEIUtY, yPECIl'TC Gladstone and Dale have found tli it the n frac- 
fi'e index of a substance, minus unity, multiplied into the volume, gives very ne iily a ( oust iiit 
I'Diiluet at ehflercnt tcmperatuics This product ib called the specific n fiac live i iieigy ^'he 
’■I'Ceiiie refractive energy of a mixture is the mean of the specific refraeUve eiiergieu of its coiii- 
koiicnts lie/taittiin iquiialmta, Table of) 

BLI'RACTIVE indices oe gases 


K'amo of Gas Index of ffcfracUon 

Air, , . .1 000294 

Oxygen, . . I 000272 

Hydrogen, . . I 000138 

Eitrogen, . . i 000300 

Chlorine, . I 000772 

Hydro chloric Acid, i 000449 

C irffonic Oxide, . I 00034a 

Carbonic Acid, . 1 000449 


TTamootGas Index cf I’efraction 

Gyvnogeli, . .X OCXJS34 

JlaishGis, 1 0001^3 

Hydro cyamc Acid, I 000 v5 1 

Ammonia, . . i 000385 

Phosgene, I 001159 

bulpliiuettcd Hydrogen, 1 000644 

Sulphurous Acid, 1 009665 

Phusphuretted Hydrogen, 1 0007S9 
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KEFKACTIVB INDICES OF LIQUIDS 


Name of Liquid 


Index of Befraction 
for jnt<ui yellow ray 


Phosplioiua m Diaulpliidc of Car- 
bon, . I 952 

Disulphide of Carbon, i 678 

Od of Cassii, . 163* 

Bitter Almond Oil, . 1 603 

Nut Oil, . . I S<M 

Linseed Oil, . . i 4S5 

Bape Oil, . . .1 475 

Olive Oil, . . I 470 

Oil of Tiirjipiitine, . . 1 470 

Oil of Lavender, , 1 457 

Chloride of Sodium, Sat Sol I 575 
f).lcohul, . . 1 372 

}!fRACTIVE INDICES OF SOLIDS 

Solid Sdfcatnnce Refraction 

uwabuuuc. iiicau ycUow la/ 

Chromate of Lead, 2 gj 

■enectti'i, 247 

icea the ,r mo&Siht jtow , as thenuonit cers 


Chromate of Lead, 


Name of Liquid 
Ether, 

Alum, Sat Sol 
Water, 

Me thy lie Alcohol, 
Iodide of Ethyl, 
Acetic Acid, 
Chloroform, 
Benzol, 

Nitro benzol. 
Aniline, 
Glyceiiiie, 
Nitio-irlycerme^ 
Nicotm, . 


Solid Substance. 


ixuiectci' , I 

instances the ^ moih i-ht 
thgy anj^re'-.ioiua, 
hulphiir, 

Zircon, 

Borate of Lead, 
lluby, 

I’clspii, 

Tuuiuialmc, 

G’n]! ly. 

Beryl, 

Emerald, . * 

I'lnit Gla-ji, 
lloek Crybtal, 


Index of Refraction 
for mean yellow ray 

• I 358 

• I 15^ 

• I 336 

• » 330 

• I 500 

• I 371 

. I 446 

. I 497 

• I 546 

. I 578 

• I 470 

• 1 475 

I 523 


Index of Refraction 
tor iiicau jlIIow laj 


'>f fbe muior, 
2 115 ' 


Bock Salt, . 

Sinrai , . 

Bhoaphonc Acid, . 

' J laain 

wuL not 3ct inventca’, ji„ 

" IS not siilliLic V 
Crown Glass, - o.^r,* 

rialc Glass, 

leeKnd Spar, 

Obsidian, . 

Borax, 

Alum, , 

Fluorspar, . 

Ice, 

Tabasbecr, 


I 545 
I 535 
* 534 
I 5 >2 
I 527 

S 1 525 

5 >*514 
1 1 542 

1 654 

I V48 

1475 

1457 

I 

1 31 s 

I 111 


BEFBAC'rrVE POWER OF THE ATaMOSPIIEllPl As the atmosphere diiuimdics in 
density as its distance from the earth increase^, it follows that lajs of light passing di viininlh 
thiougli it are hwut out of their course This bending is sufficient to c iu-.e objects wliiJi m- 
leally below the hori/on to appear above it Owing to this cause, an eclipse of the luonii In- 
been seen by the writer when both the sun and the moon weie visible above tlie hoi iron Tlic 
lefrictioii ot the atmosphere is of impoitance iii astronomical observations, and iiui^t bo cm 
lected or allowed fop When theie arc laycis of air of different temperatures and \ iiMH-' 
densities, rising ami falling irregularly, refraction takes place, which luteifeics with di taat 
vision (Siea Jltf taction ) 

BKFRANCIIJILITY {He and ftan'/o, to bend) The property which njsof li, lit and 
heat possess of being bent out of a stiaight hue when they pass fiom one medium to anutlnr of 
different density 

BEGELATTON {Rcjclaho, thawing ) It beeras probable tint Faraday, who ga\ e tins n m '' 
to the phenomenon wc aie now to dc'.ciibe, sujiposed " ic/datio" to bigiiify re fiee/iiig Y h' '' 
two pieces of melting iie are brought into contact coiigt 1 itiun takes plicc ivhen they toiK ' 
This phenomenon, fust noticed by P’lrad.iy, is called irtjdalwn He exjdaiiied it on this 
The partulcs at the surface of a mass of ice are less restrained hj’ the force of Lohimou tlia'i 
those within the mass Thus they pass easily mto the lujuid state, and aceordiiiglj tlie siiifw- 
of lee, when the temperature is neat the frcc/mg point, becomes inoi->t Now', wlien tw'O jiieCv 
of lee 111 this condition are brought into contact, those particles which are iiiwii the suif i 
brought togelhci, are placed in the condition of particles belonging to the inside of aina'-i- 
ice, and being thus brought 111 le fully than bef ne under the influence of the force of cohem' ' 
piss mto the solid state When the temiierituie is below the freezing point regelatjon dot 
not take place, for the surface of the ice cent iiucs dry at such temperatures 

REGULATOR. {Eejulator, from tcffula, a ride , rcfftdaie, to aljust by rule) 
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contrivance for seouriT'or uniform motion with a, variable power or resistance in machines It la 
, frequently the case that one or more of the elements of motion are essentially variable, as the 
uncoiling of the mainspring or the descent of the weight in timepieces, the action of the con- 
necting-rod on the crank in the steam-engine, the pressure of the steam m the cylinder, &c. 
In all these cases uniform action may be obtained by a suitable arrangement of the machinery 
by which the force is transmitted to its point of application This is the purpose served by the 
contrivances known as the fusee, pendulum, fly-wheel, governor, for which see articles under 
those headings , also Horology, and Ungtnc 

REGULUS (Little kmg ) The star a m the constellation Leo , called also Cor Learns, tlio 
lion's heart 

RELATION OP MUSIC AND SOUND ^callainumy, Mdody, Musical Intenals 

RELATIVE PHOTOMETER See P/wtometry 

RELAY See Telegraph 

RESIDUAL CHARGE See Change, Residual 

RESINS A name given to many vegetable substinccs ivJiich are 'illfod pJi3''5fcalIy, although 
they may differ chemically They are insoluble in water, and generally soluble m ilcolsl and 
essential oils They soften or melt with heat, do not crystallise, a.e of different sh'veb ef 
jellow or brown, and are of various degrees of trauspueney They are of consuleTabl om- 
niLicid. value for the manufacture of soap, vainish, bin/oic acid, &o The following art isino 
of the pimcipal resins — Benzoin, dragon’s blood, Peru balsam, stora\, Tolt) baNain, ^im. 
anutionucuiiJ, amine, asafcetida, copaiba, copal, damma, clemi, galbanutn, gamboge, gn iiaAni, 
lac, mastic, myrrh, ohbanum, sandarach, scammony, turpcutiiio 'I'hc following arc fAtii 
rcsms — Amber, asphalt, fossil caoutchouc, icsins, pyroiotin, ritiii a^ph dt, tasinannitct 

RESISTANCE Any force which prevents a body moving when other forr 'ig 

upon it, or which is oppose ’ * *’ ' ' •exxo - 

fiietion, the iigidd >ui>i oiTa moving ixi. ^ 

called iiito^iil? vcs, are termed icsistancos (See Ailnui and Jtiailioit ) 

In measuring the cleetiic icsistaiuo of wiics it is m e< vry to 
have st.tndaids of icsistance of known and various magnitudes wheiewith to compare it Thu 
standards generally used in tins countiy are coils of copper or Germ in silver wai c, ai eiirately 
out off, so that the resistance of each is a multiple of the Biitish Astotiation Unit of Electric 
Resistance (See Units, LleHncal Por convtmenco they ai o gcneially jilaccd in a box, ami 
joined to studs of brass which come to the outside of the box, uid by means of winch the coils 
cm be eoniiectcd together so that the current maybe sent thioiigh ai^ muribei of them at 
pleasure , and on the studs are inarhed the numbers which represent tni> qii intities of resist- 
ance lutioduced when its coil is thrown into the* circuit A convenient rcsi'.tuicc box may 
contain altogether 10,000 li A Units, aiiaiigcd so that any number fiom i to lo.cxio may bo 
uitioduced Thus the iiumbeis may run I, 2, 2, 5, 10, 20, 20, 50, 100, 200, Ac , 5000, ,ih in a 
decimal system of weights 

RLSrSTANCE, UNITS OP Sec Units, EUclrirnl 

Resistance op a conductor TUc following dcscnjition of an experiment will 
explain what is meant by the resistanco of a conductor — Let tlie teiiiiiiials of a bittery bo 
couiieeted with a tangent galvanometer (see Galiauomtla) by means of short, thick wiics, and 
let the deflection be noted Then let twenty or thirty y irds of moderitcly fim wire be intro- 
duced into the circuit, so that the cuircnt shall have to through it , it will be found that 
the deflection of the needle is very much diiiniiislicd, shovniig that the quantity of cle< tneity 
passing 13 smaller than before Now, let another twenty yaids <if wiio be mtrodueeil, the cur- 
rent will become still weaker On removing the thin wire from the circuit, and again con- 
necting the batteiy by short, thick wires with the galvanometer, tliu origin il di flection will be 
obtained it the battery he constant It appears, therefoie, tint, although the metallic wire 
condutlis the current, iieveithelcss the introduction of a long', thin wire very much decreases 
the strength of the current, and the longer the wire the greatci tins diminution , and since wo 
know that the strength of the current is the same at ill parts of the circuit, and that, there- 
fore, the phenomenon does not arise from anything of the natuie of loss hy the way, we euufsider 
that the current is prevented from flowing by the resistance winch the who offers to ite 
passage 

The laws of electric resistance have been carefully determined, ami very accurate numerical 
results have been obtained, the subject being of the vciy highest practical as well as theoretical 
importance It.is found that by using wires of the same material the resistance is in simple pro- 
portion to the lengtli — that is, a wire two or three feet lorg gives twice 01 thrice the resistance 
that if wire one foot long would give , under similar circumstances, the resistance is inversely 
Pruporti onal to the section of the wire — that is, the greater the section the smaller the resist- 
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ance, and the finer the 'wire the greater the resiatanca Also the resistance depends upon tho 
material of which the wire is made Eeaistance is, in fact, want of conductivity We have • 
given under Conductor numbei-s expressing the conducting power of metals The follo\vin<» list 
by E Becquerel expresses the specific resistance of metals, the resistance of copper being taken as 
unity — that is to say, the resistance of a certain length of pure copper wire of a given diameter 
being taken as umty , the following numbers express the resistance of -wires having tlmt diameter 


Eesistahcb op Metals. Temperathre, 54* F (12 2* C ) 


Copper, 

• 

• 

1 0 

Tm, . 

Silver, 

• 

• 

09 

Iron, . 

Gold, 

■ 

• 

14 

Lead, . 

Zme, . 

a 

• 

37 

Flatinum, 


Mercury, Jo 7 at 57" P (13 8“ C ) 


66 

7 5 
II o 

"3 


The resistance of metals is veiy much altered by tho occurrence of the slightest impurity 
in them , for example, the resistance of pure copper wire is increased by 25 per cent 
by thji admixture of Jth per cent of iron , and a very minute quantity of arsuiio may 
raise^^ as much as 50 or 60 per cent Matthiessen has made an enormous mimbir 
of dp laminations of conductivity, and has published the results in the Eeports of the 
Association Committee on Standards of Electiical Resistance (See B A Reports from 
I 86k and in p4|tticular those of 1863 and 1864 ) Resistance depends also on tho molecular condi- 
tion of tho wire , thus it is decreased by anneahng and increased by hardening, or by hammer- 
ing or twisting. It IS also inilnenced by the temperature of tho metal All metals lose 
coK.luctivitv — that IS, increase in resistance — on being heated Between 32“ F (o“ C ) and 
2^ifflectei ' jC ) some metals lose as much as 30 per cenk,ti‘fjtheir conductivity 
instances the^ mon-frlit thermometers wi .i noli yet mveutec', very great as com 

thgy ar' 3 wtc'"i,iat ot sona cdflaitCiot the imi'jor, b”* '■i> - * - + - as not sufFicic’ ® Becquerel, 
'comparing the conductivity of saturated solutions with that of siiv, o.>n» 
rated solution of chloride of sodium (common salt) the resistance is about jiOOO.oooTRffl" as 
great as that of silver , in the case of distilled water it is expressed by the enornqpus 'Viumbtr 
7,000,000,000 

In expressing resistances, it is now usual to state them in terms of the unit of electrical rc 
Bistance adopted by the British Association for the Advancement of Science (See 
Electrical ) 1 hus to state the electrical conductivity of a wire or a specimen of metal it is said 
that Its resistance is jo many B A units per gramme per metre (or per grain per foot) — that 
is to say, that the resistance offered by a -wire of the metal in question one gramme m weight 
and one metre long is expressed in B A units by the number given 

From the la-ws we have laid down above, and the numbers we have given, it is easy to cal 
culate the absolute resistance of a given specimen of wire of any material, len^h, and diameter, 
knowing that one mile (5280 feet) of pure copper wire, o 2302 of an inch in diameter, has a 
resistance of one British Association unit For if R express the resistance in B A units, I the 
length in feet, and d the diameter in inches, then evidently 

R = roln 0 00001 oosei 

6230 ' d ' d* 

RESISTANCE OF GASES TO MOVING BODIES It is found by experiment that 
when a flat surface moves through the air, or other gas, m a direction perpendicular to the 
surface, the resistance it experiences is nearly directly proportional to the size of the surface 
For surfaces of the same size, the resistaneo is found to vary os the square of the velocity 
Hence, when a body falls from a great height, so that m vacuo it would acquire a \cry great 
velocity, it 18 often found that the resistance of the air has been so increased by the velocity 
that a uniform velocity has been attained It follows also that in falling through air largo 
bodies will fall faster than smaller ones of the same shape and of the same matenid For the 
mass vanes as the cube, while the surface upon which the air exerts its resistance only varu-s 
as the square of the linear dimension , so that there is a greater ratio between the two in the 
case of small than in that of large bodies Fur the same reason, a sheet of paper will isll 
more quickly when rolled up into a ball than when extended. In the former case the surface 
of resistance is the horizontal projection of the paper pellet. 

RESISTING MEDIUM See Medium, Mesistmg 

RESOLUTION OF FORCES (Kesolveie, BesUutum, from re, again; sobxre, to loosen) 
The operation of substitutmg for a single force acting upon a body two or more forces whiob, 
conjointly, shaU produce the same effect as the origu^ force. (See Paralldogram of Eorces ) 

RESOLVABLE NEBUL-iE. See JVeiuhg. 
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BESONANCE The loudness of the sound produced by a soundin" body is augmented by 
bringing the body into tho neighbourhood of a column of air which is capable of vibrating in 
unison with the body Thus, a tumng fork which makes say loo complete vibrations m a 
second, is held over a wide telescopic tube made of card board, and open at both ends, the sound 
of the fork will be increased when the telescopic tube has a certain length, and then only In 
the instance taken, the wave length of the note is VA® or 1 1 feet Tho length of tho 

cjlumn of air which gives, as a fundamental note, the note coiresp onding to a given wave 
length, 13 half that wave length, here therefore, 5 ft 6 in , and this is the length of the open 
tube, the air in which resounds to the note of the fork If the tube be closed at one end, it will 
have to be half this length, or 2 ft 9 in A tubo whose length is any simple multiple of tins 
length will also augment the sound, resounding to the fork, because nodes will be formed 111 it in 
euc£ a manner as virtually to divide it into segments The tube os a whole wiU no longer givo 
its fundamental note, but an o&tave or other simple harmonic thereof Instead of being directly 
communicated to the air of tho column, the vibrations of the fork may be coinmunn ated, in tho 
first instance, to a solid Thus, the intensity of the sound of a fork is increased by screwing it 
on to a box closed at one end, whose length is J the wave length of tho fundamental nAe of the 
fork In the guitar, violin, &c , the vibrations of the string arc comnnmicated thn^^'h tho 
bridge and through the “ sound column ” (a pillar connecting the back and front of tl instru- 
ment) to the air m the inside The irregular form of the instnimciit offers a great v,. fcty of 
lengths of air columns, one or more of which resounds to every note of tflb strings I Tho 
sounding board of a, pianoforte not only conveys an ailditional amount of the stiiiig's vilirKions 
to the air, but also to the other strings which are thereby act in motion if their latcs of vib'lition 
are simjdy commensurable with that of the original note The hollow of tho ic'Vas a 

resonance" chamlier for the a" ’ ‘■'‘-'’n of tho sounds of the vocal chords " « ed 

on noting toe chan " * 

different jiitch 

again, and apiro, to breathe ) Under the heading dniwol A^utrdirm, 
we h%vo esplamed how the food after digestion and absorption into the circulation, is partially 
burnt inta caibonio acid and water by the action of the oxygen contained m the atmosphere 
Every time an animal inspires, air is taken into the lungs, where it is exposed to an enormous 
surface of blood-vessels, by which it is chemically absorbed, producing oxidation, and siipi lying 
the necessary amount of force for the body This action is called respiration (See also 
Animal Heat , Food, Functions of) 

ItESULTANT {Residtaie, to leap back ) A term applied to ary force which will have 
the same effect as two or more given forces (See ParaUdoyi am of Forces, ParaUd 
Forces ) 

RETICULUM (Abbreviated from Peticulum Ekomboidalc, tho Bhomboidal Not ) One of 
Lacaille's southcra constellations 

EETIAA (Ecfc, anet) The innermost coating of the eye, consisting of an expansion of 
the optic nerve in the form of a net (Hee Ege ) 

RhTOllT {Ite, back , and Inrquco, to turn ) A vessel in which a substance is placed for 
the purpose of submitting it to distillation, 

BETROGEADATION In astronomy the apparent motion of a pl.anet in a direction con- 
trary to the order of the signs The superior planets appear to move retrogressively when they 
are in or near opposition, because tho earth is moving incro quickly forward, and so seems to 
leave them behind On the other hand, the inferior planets appear to move retrogressively 
when they are m or near infenor conjunction, because they arc then between us and the centre 
of motion 

RETROGRADE {Retro, backwards , and gradus, a step ) Tho motion of n planet m a 
direction contrary to tho order of the signs 

RETURN STROKE When a thunder cloud approaches any locality all the ground be- 
neath it and around it becomes oppositely charged, owing to inductive action taking place be- 
tween the cloud and the earth , and in particular, any prominence, such as a tree, or a man, or 
animal standmg out on a plain, sustains this inductive charge to a very high degree Suppose 
now that a discharge takes place between the cloud and the ground at a long distance, perhaps 
a mile or more from the object of which we are speaking, suddenly the electricity of the cloud 
IS neutralised , the electricity which was before held bound in the object by induction becomes 
free, and rushes back to the earth, causing a violent commotion which is known by the namo of 
the return, strr/le or back stroke The effects, though not so powerful as those of the discharge, 
are yet frequently* very violent There are many case* m which men and animals have been, 
killed by it When death occurs on account of it, there is ne er any wound, burn, or inflam- 
mation, nor are the effects made visible by any spark. The many cases in whfch people are 


tluown down uninjured, and suppose themselves to have been struck by lightmng, are evidently 
due to the I'etum stroke ^ 

It may be felt to a slight degree by standing close to a Wmter's machine with the large nng 
on the prune conductor, while sparks ore being drawn from it, or may be imitated by placing 
a frog near to it , at each passage of a spark, a hvely commotion is felt 

EEVERRAL OF SODIUM SPECTRUM See Fraunhofer's Lines, Artificial 
REVERSING PRISM. See Fvjht-angle Pt ism 

RHEOMOTOR (fiiu, to flow ) An arrangement, such as a cell or battery, which gives 
rise to an clcctnc current The name deLtromotor is more frequently used 

RHEOSCOPE to flow , CKoiriu, to see ) An instrument for detecting the existence 

of an electric current 


RHEOSTAT {pin, to flow ; tarripu, to place ) An instrument mvonted by Sir Charles 
Wheatstone for putting a known resistance into a galvanic circuit and thus regulating the cur 
rent’s strength It is used in making measurements of electric resistances Two ec(ual cylin 
ders, one of wood, which we shall call A, the other of brass, which we shall call B, are arrmiged 
on paraV 1 axes side by side The wooden cylmder A, has a spiral groove cut in it, and a long 
fine coi^r wire is arranged between them so that on turning a handle it is wound off one on to 
the otV*-’ When any quantity of it is wound on to A, it lies in the spiral groove, and thus the 
cods aw '^‘insulated fiom each other Any portion of it that is wound on B is m contact with 
the TOffal cylinder, and completely uninsulated one part from tlie other There are two binding 
Bcrevf * one connected with each end of the wire If the instrument be put into a galvanic 
circuf , any given quantity of the resistance of the wire can, with readiness, be thrown into the 
ciTCiw^ ,^’■,’1' only necessary to wind the required amount off the brass cylinder on to the 
' *■ IS this portion of wire is then insulated j uc ««;• •'W-^.from every other, the cur- 
jMtances thc^ mqAaght. "Wjwj «« thermometers wc.t not yet invciitf a, ..I - part on the brass 
no farther rcaistanTfe+h** 6ui\e"iV<,not sufficic , ’ong the brass 

goes at once to the binding screw To decrease the resistance it is onl/ucus Oijiy^ 
off the wooden cylinder on to the brass one An index is attached to the axis of the wooden 
cylinder to tell how much wire is wound upon it 

RHEOTOME , or Current-Breah (p^w, to flow , to cut ) A piece of apparatus used 

in connection with arrangements for obtammg induced currents to produce tempordry currents 
in the primal y wiie There aie several fonus , a very simple one may be made by attaching 
one of the battery wires to a common rough hie, and then drawing the other along the teeth , 
every time the wire leaf'es a tooth, the current is stopped A more convenient one may be 
made by attaching one wire to a toothed wheel which can be turned with a handle, and the 
other to a spring which touches the teeth , the curiciit, as before, being stopped dunug the 
passage of the spring from one tooth to anothei Other forms of rheotome which belong to 
particular induction arrangements are desciibed in their proper places 

RHODIUM {poSop, a rose ) A metal occurring in very small quantities in platinum ore, it 
was discovered by Wollaston in 1804 It is a grayish-whito hard metal, scarcely fusible before 
the oxyhydiogen blowpipe Specihc gravity 12 I Atomic weight 104 Symbol Rh It is 
not altered by exposure to air or moisture, but at a red heat is converted mto oxide Its com 


pounds are unimportant 

RHOMB, h RESN EL’S An instrument for converting plane into circularly polarised light 
It consists of a paralltlupiped ot crown glass having two acute angles of about 54° and tw'O 
obtuse angles of 126° If a ray of plane polansed light enters perpendicularly at one of the 
ends, it Bvdiers double reflection fiom tho two interior opposite surfaces and emerges at the 
other end circularly polarised (See Polansed Lvjht ) 

RHUMBS The nautical name for the thirty-two pomts of the compass, (See Points of 
the Compass ) 

RIGEL (Arabic ) The star /3 of the constellation Onon A noted double star 
RIGHT-ANGLE PRISM A pnsm, usually of glass, the section of which at right angles 
to the axis is a ngbt-angle triangle , the two sides enclosmg the right angle are generally of 
equal length When a ray of light enters one of the sides perpendicularly to it, it suffers total 
reflection from the mtenor surface of the hypothenuse and emerges from the opposite side, the 
ray being bent 90° from its original path without suffering refraction When the ray of light 
enters the pnsm parallel to tho hypothenuse, it is refracted to that surface, then totally reflected 
to the opposite side, and la again refracted on emerging, so that its ongmol direction is pre- 
served, and as the two refractions neutralise each other, there is no dispersion Owmg to the 
single reflection which it suffers, the pencil of bght is inverted , and, therefore, objects viqwed 
through a reflectmg pnsm in this direction appear in their right places, but vnth their sulra 
rereiud. Ubed m tills manner, a nght-angle pnsm is sometin^ called a remrsing pnsm. As 
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the reflection is total, and there is no metallic surface to p;et tarnished or injured, nght-angle 
prisms are largely used in philosophical instruments as reflectors (See Pi ism ) 

EIGHT ASCENSION See Ascmston, Right 

BIGHT-ASCENSION CIRCLE See Hour Circle 

BIGHT HANDED AND LEFT-HANDED POLARISATION If a -lice of quartz cut 
perpendicularly to the axis of the crystal be examined in the polanscope, no blade cross will bo 
seen, as in the case of calc spar, and, on rotating the analyser, the colours will not .iltemately 
appear and disappear, but there will be apparent a system of rings, with a colouicd disc in the 
centre, which pass through all the colours of the spectrum If the analyser has to be turned 
towards the right, so as to cause the colours to succeed each other in their natural order— red, 
orange, yellow, green, blue, indigo, violet — the piece of quartz is called j ight kaiitltd, or dfxtro- 
gi/rate If, however, the analyser has to bo turned from right to left to obtain tlie natural 
order of colours, the quartz is called left-handed or Iceio-gy) ate, the two kinds of polaiisation 
being respectively called right handed circular ^lolarisatioii and left handed circul ir jiolansation 
Aik ^amination of the crystalline form of the quartz will in some cases show whither it is 
dextro- or 1 evo-gyrate Many liquids possess this property of circularly polarising li ht (See 
Cirrnlar P ilartsatton of Li/finds , Polarised Light ) 

RIGHT-HANDED AND LEFT HANDED TARTARIC ACID A methoil ( eparat- 
ing these two bodies has been published by M Gcmc/, b.used upon the jihenonicn \ of si iirsatii- 
ration He finds that a R’lpei saturated solution of leftliinded double' lartiate «1 soda 
and ammonia does not crystallise m contact ivith a fragment of the same salt, but of tb''|nght- 
handed variety, and iiee teiaa From a Rupematnrated solution of inactive double race ^ate of 
soda and ammonia, a fragment of right handed tristil determines only the ' ni of 

nght-handed crystals , wbi’ of -tUa i -i - •’ ' -.j 

produce'- a depo“ •' 

RIGIDIT"* stiff or nulnu , Greek, ptyeu', to shudder or sln\(i with cold; 

Th ting change of form, the opposite to flexibility Rigidity n ( xiucsscd by 

means or a quantity called a modulus, or eo effluent of rigiiiitij, by taking the latio of the inten- 
sity of a'given stress of a given kind to the strain, or alteration of hgiuc with which the stress 
IS accomjianicd Hence— 

Modulus of rigidity =s intensity of stress — strain 
The strain m this equation is expressed as a quantity by dividing the alteration of some 
dunensioii of the body by the oiiginal length of that dimension In most substaiucs which 
are used in construction, the moduli of ngidity, though not exactly constant, iro nearly 
constant for stresses not exceeding the proof strength I’lie ngidity of rope's Jilays an im- 
portant part 111 relation to the work of the machines in which tiny aie used, ospni illy of the 
wheel and axle, and the pulley It la necessary, therefore, in machinery to be able to esti- 
mate in given cases the extent of the resistance from this cause When a power and a weight 
act at opjKisite extremities of a rope passing over a pulley, the friction between tlie rope and 
the pulley being suthciert to cause the latter to rotate, it is evident that the rojic is bent into 
an arc In consequence of the resistance offered by the Wiint of flexibility, an additional force 
lias to be applied to make the pulley revolve In ('xptmnentally determining th* vinount of 
resistance due to rigidity,- not only the radius of the pulley must be considered, Init also tho 
radius of the rope, and the forces are consideied to act along the axis of the rojic, that is, at a 
distance from the centre of the pulley equal fo h vlf the sum of the diameters of the jiulloy and 
the rope This is called the eflectivc r.odius of the pulley or drum By actual exiitimient it is 
found that one portion of the resistance depends solely on the rope itself, and anutlici portion 
la related to the intensity of the weight acting on the pulley Again, other things being equal, 
the resistance due to rigidity IB greater as the curvature imparted to the rope imicaxes Tho 
table given below contains the results of Morm’s calculations from Coulomb's cxiicnments, and 
relates to the followmg rule for obtaining the resistance ofi'ered by ropes in consequence of their 
ngidity —Multiply B by the weight m lbs , add the product to A, and divide the sum by tho 
effective radius of the pulley m inches, the quotient gives the resistance in lbs Thus when tho 
Weight IS 500 lbs , and a new dry rope, 3 inches in circumference, is used to lift it, and passed 
round a pulley 1 1 inches in diameter, the resistance due to ngidity is 30 lbs , and the result is 
the same os if 530 Ihs were raised over a pulley of 1 2 inches m diameter by a perfectly flexible 
string It will be seen by the table how much faster the resistance due to rigidity increases 
than does the radius of the rope used , also that the resistance is less for tarred ropes (except 
very thin onf's) tljan for new dry ropes of the s,vme rvhus When a rope is wound on or off a 
dnim, we consider the ngidity only in winding on the drum , it is not called into play in un- 
winding For investigations of this subject, see Young’s Satural PhilMophy,t\ol. u. p. 27I1 
for abs&act of Coulomb’s labours, and Morm’s Notions Fondamentales, pp 3^6-332 
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^EBULiE See Nebvla 
' 5 , ^EWTON’S Nevbton's Rings 
*d OF SATURN See Saturn’s Rings 

^HIli’S PHOTOMETER Thia photometer is somewhat similar to Bunsen’s Light 
from ^ich source is reflected upon the two halves of a sheet of oiled paper, and the lights are 
moveqiuntil the illumiiutiun. of each half appears the same. The mtcnaities are then as the 
squaigf^O^i^* * distances from the oiled paper. 

fcr ‘‘S'' -- -.1 r„„„.na, , 

See Sodium, Ghh»i<^*‘ !-*'«■-' * -r „ n„t siiiricic. 

ROSANILINE , or, Aniline Red See Andine. 'nt us oaro. 

ROSEINK See Aniline 

ROTATION OF THE EARTH See EaHh 

ROTATORY POLARISATION See Ca cidar Pdarisation 

ROTATORY POWER, SPECIFIC See Snecijio Rotatoi ij Power 

RUBIDIUM (puj 3 ( 5 os, dark red ) A metal belonging to the alkali group, occpmng with 
ccesium, and discovered by Bunsen and Kirchhoff by means of spectrum analysis Its spectrum 
contains two dark red li«es less refrangible than the line A of the solar spectrum In thu 
metallic slate, rubidium is vciy similar to potassium Its specific gravity, however, is I 52 
Atomic weight, 84 5 Symbol, Rb 
RUBY See C'oJ undum 
RUHMKOllFF'S COIL See Induction Cod 

RUMFOllD’S PHOTOMETER This photometer is easily extemporised A ruler, or 
even the finger, equidistant from the two sources of light, w held against a sheet of white paper, 
so that the two shadows thrown by the lights are close together The darker shadow being 
thrown by the strongest light, the distances between the lights are varied until the shadows are 
equal , their intensities are then to each other as the squares of the distances (See Pkotomili y ) 
RUTHENIUM A very rare metallic element occurring in platinum ore, and somewhat 
resembbng rhodium, but even more infusible Specifac gravity, 114. Atomic weight, I 04. 
Symbol, Ru Its compounds ore unimportant, 

RUTILE. See Titanium,, Dioxide. 


s 

SACCHARIC ACID An acid produced by the action of nitric acid on sugar Formula, 
GeH^oOg It IB not crystallisable, is deliquescent, readily soluble m water and alcohol, and 
forms ciystallme salts with bases 

SACCHAROMETEE, OPTICAL {ca.i.xap, sweet , and /tcTpito, to measure ) An instru- 
ment for determining the amount of cane sugar in a liquid, depending on the phenomena of 
polarised bght (See CiraUar Polarisation 0/ Liquids, Right-handed Left-handed Polarisor 
turn ) It consists of a polanscope so arranged that a tube about ten inches long, closed at each 
end with a plate of glass, may be intorposed between the polanser and onalysir in such a man- 
ner that the whole column of liquid may be traversed by the ray of light. A solution of sugar 
or cane juice, the strength of which it is desired to estimate, is decoloiinsed, when necessary, h/ 
animal chorcOjil, and introduced into the tube. The analjser having been turned untd the 
field is black, and tiie mdex attached to it is at zero, the introduction of the sugar solution will 
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cause colour to be visible , the analyser la then rotated until a certain standard tint is produced. 
The angle of rotation is then compared with the angle through which the analj scr has to be 
turned to produce the same effect when a solution of perfectly pure cane sugar of known strength 
IS examined m the tube As the determination of the standard tint is a matter of some little 
difficulty at first, the device is employed of interposing a red glass, coloured with oxide of copper, 
xvhich only allows the red rays to pass On rotating the analyser, the field now becunics alter- 
nately red and black, owing to the other colours being unable to pass through the glass All 
that IS necessaiy now is to measure the angle through which the analyser has to be turned to 
hnng this red ray into the field. Pure cane sugar is strongly right handed, whilst the uncij s- 
talhsable sugar obtained by the alteration of cane sugar by heat, or the action of acids, is left- 
handed In sugar refining it is of the utmost importance to prevent the cane sugar being 
changed by too long boiling, or by the accidental presence of an acid, and the optical saccliarometcr 
has been found of value by giving timely warning of the appioach of injury fioin these ciuscs 
In practice the instrument has many refinements and modifications, tending to simplify the ob- 
servatK^is, and make them more accurate One of the forms of saccharometer now ipost in 
use IB that dei ised by Soleil, and improved by Duboscq , it is not, however, an oltogcthi satis- 
factory instrnnent Potansed Light, Polanscope, Cu cular Polarisation ) 

SADALMELIK (Arabic ) The star a of the constellation Aquarius 
SADATjBUND (Arabic ) The star /3 of the constellation Aquoiius 
SAFETY LAMP See Lamp, Safety 

SAFETY VALVE In the steam engine an apparatus to secure the escape of the st >am 
when it exceeds a certain pressure It usually consists of a plug, fitting the tup uf a short iibe 
opening into the boiler, which is attached to a lever The other end of the Icvei i " l ■ wn 
cither by a weight or by a an'' ' ' "-oooiirc on fll<^ v«lve mav ho > 

weight along the le*' ... .u....... to lo.. 

the pressure exe .vVer the valve risci, and tue steam eseaiies Fi equently the valve 

13 cev >, r*aa aw w 4 uto the top of a steam dome fixed on to the boiki 1< requently m 
stationary engines, and always in locomotives, thero aro two safety valves, one uudei the con- 
trol of the Engineer, and the other entirely enclosed (See SUam-Piir/tne ) 

SACrlTTA (The arrow ) One of Ptolemy’s northern cuustullations. It is tho least of all 
the auaent constellations 

SAGITTARIUS (The archer ) A sign of tho zodiac The sun enters this sign on about 
Xovemher 22d, and leaves it on about December 2 1 St The constellation tSagittaiius occupies 

the zodiacal space corresponding to the sign Capneomus It is represented undei the figure 
of a centaur, beanng a bow, .ind about to shoot 
SAINT MARTIN’S SUMMER The name popularly given to that mild damp season which 
commonly prevails from November till about Christmas tune It is duo to the prevalence of 
south westerly winds 

SAL AMMONIAC See Ammonium, Chloride of 

SALICIN An organic substance contained in tho bark of tho willow It forms white 
crystalline tables, soluble in water and alcohol Formula CjjlligO^ It is decumjiosed when 
heated above 200® C (392° F ) 

SALICYLIC ACID An organic acid which exists ready fomierl in some plants (111 the 
flowers of the Spiiaea Ulmana, for instance), and may be prepared artificially by the oxidation 
of salicm , it dissolves in water, and crystallises easily in large foiirsitled pnsms, which melt at 
150° C (302° F ), and sublimo at about 200" C (392’ F ), without decomposition It umtes 
With bases, forming a well crystallised senes of salts called aaltcylales 
SAL PRUNELLiE See Nitrates, Nitrate of Potassium 

SALT This term was onginally applied to chlonde of sodium, or common salt As 
chemistry advanced it was seen that other substances were strictly analogous m composition, 
&c to chlonde of sodium, such os sulphate of soda, and nitrate of potash, and they were there- 
fore called salts A little further progress of chemistry led to the definition of a salt os a 
neutral substance, formed by the union of an acid and a base But tins definition, although it 
apphed perfectly to sulphate of soda, which is made by neutralising sulphonc acid with tho base 
®oda. Would not apply to chlonde of sodium, which coiitams neither acid nor base, but only the 
two elements chlorme and sodium I'be mcongruity of refusing the title of salt to chlonde of 
‘odium soon led to another theory of salts, the theory that a salt consists of an electro negative 
^ody with an electro-positive body, the first class being haloid salts, and the second doss 
being amphid'Bsdt^ (Sea Haloid) After discussion however showed that this distinction 
Was somewhat arbitrary and unnecessary, and the binary theory was introduced, by which the 
two classes were fused into one, and all salts were supposed to be built up pn the (ype of chlo- 
of sodium, sulphate of soda being supposed to consist of sodium and a hypothetical radical 
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contaming Bnlphur and oxygen, analogous to cblonne This theoiy now appears to have gone 
the way of the others, and chemists have no good definition of the term salt, aciif, or base The 
fact appears to be that these terms ore convenient in ordinary chemical language, and are, with 
few exceptions, perfectly well understood by chemists, but the finer distinctions between either 
of them, and some other substances which have no claim to these titles, cannot be accurately 
defined, and until this is dune, a scientific definition which shall meet all cases, and admit of no 
exceptions, is an impossibility Like the colours of the spectrum, it is easy to say that one is 
red and another yellow, but it is impossible to give such an accurate definition of these terms 
as wdl enable any one to say where one ends and another begins 

SALT, COMMON See Sodium, Chloride 

SALTFETKE See Nitrates, Nitrate of Potassium. 

SAMIEL The Turkish name for the siroceo (qv) 

SANDAKACA Seo Aisemr, Sulphides of 

SAPONIFICATION Originally this term was employed to express the decomposition of 
fats, under the infiuence of alkabes, into glycerin and a fatty acid which unitmg with the 
alkah Armed soap It is now extended to all analogous actions m organic chemistry (See also 
Soapjr, 

SdFsPHIEE See Corundum, and Aluminium, 

S^t'ELLITES (Safeties, an attendant ) The name given to those secondary bodies which 
revoftre around some of the planets The elements of tho known satellites will be found under 
the mead elements, and further information under the heads Moon. Lunar Theory, Jupiter, 
Saturn, &c , Nebular Hypothesis, &c. 

of the satellites to the solar system is, m some respects, peculiar Our own 
more nearly resembles the nnmarv or^**!. any of the other satclhtes, 

J^ces the, m ^ ii r iiia^,>agnnoaeteTS were not yet invented^ are to accept the 

i^^&e^eei^ates of the density antf ^Ms.'f'Uf'S^iikoIr's safeiliYe^fJ not mltiLic nt rega rd these 
bodies as differing very remarkably in structure from Mars or Mercu^“*.'ilC!f or 

even from the less substantial, though more massive fabnc of their primary and his fellow 
giants One of them has a mean density only one-ninth of that of water, or less than half that 
of cork, while even the densest has a specific gravity of only o 396, that of water being taken 
OB unity It will be seen under head Elements, that the planets of lightest substance are yet 
for more substantial than this We know nothmg as to the density of Saturn's satellites , but 
it is not unreasonable to conclude that they are related to their primary in much the same way 
as the satelbtcs of Jujsiter to theirs 

It has been supposed, from observations made by Sir W Herschel, that tho satellites of 
Jupiter keep always tho same face turned towards their primary , but modern observations 
render this view more than doubtful 

SATURATION In chcinibtry, a liquid is said to be saturated with a solid, liquid, or gas 
which it IS capable of dissolving, when it has taken up as much as possible An acid is said to 
be saturated when a sufficient amount of base is added to it, to form a neutral salt and vice 
versa in the case of a base (See also Solution , Supersaluration ) 

SATURATION In meteorology, the air is said to be saturated with aqueous vapour when 
no more vapour can bo added without condensation taking place At a given temperature, the 
air will retain a definite quantity of aqueous vapour in the mvisible form, the quantity being 
independent of the density of the air, and in fact the same — space for space — as though there 
were no air With increase of temperature the quantity of aqueous vapour which can be re- 
tained in the invisible form increases, but not m the same proportion The following table 
(abbreviated from Mr Glaisher's Hygrometnc tables) shows the elastic force of vapour (measured 
by the height of mercury it would support) corresponding to different temperatures from 0° to 
80° Fahrenheit — 


Pores of 
Vapour 


Fo^e of 
Vapour 

Temp 

Force of 
Vapour 

Inch 


Inch 

0044 

30S 

0 167 

OOS4 

35 

0 204 

0 0G8 

40 

0 247 

0 086 

45 

0 299 

0 108 

50 

0 361 

0 135 

55 

0 4 S 3 


It Will be Aeen that the increoae of force takes place at a greater rate than the increase oi 
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temperature For instance^ the tcnaion is increased by 0042 as we pass from 0° to 15®, while 
* the next 15® of temperature add o 081 to the tension , the next o 132 , the nexto 219 , and so on. 

Ffom this peculiarity a most important consequence flows If two saturated masses <f air at 
different temperatures are combined, the resulting mass will be over saturated Suppose, for 
instance, that the masses are equal and that the temperatures are t° and (f + 21')''’ the 
tension of saturation at temperature t° being e, and the tension at temperature + beinir 
c+e' Then we know by what has ]ust been shown that the tension at temperature (( + 2('>® 
will be greater than c+2^' Say it is <s + 2e'+2<^' Then when the masses of air arc mixed 
we have for the mixture a temperature of t+t', while the tension of the total quintity of 
aqueous vapour which the double mass is called upon to retain is 4[c+(e + 2r'+2e'')], that is 
(c + e' + e") But a temperature of t + (', corrsBponds, by our supposition, to a tension of (e+e') 
therefore the portion corresponding to the surplus tension e" will be condensed 

Under heads Ram, Cloud, &c , it will be seen that this principle has an important bearing on 
meteorological phenomena 

SATU RATION OF A MAGNET, POINT OF In magnetising steel bars with power* 
ful magnets, or by means of an electric current, it is found possible to communicate to the bar 
on intensity grea*^er than it is capable of permanently retaining , and this excess of magnetisv 
tion, as it may be called, js gradually lost till a certain limit is attained which depends crtircly 
upon the molecular condition of the bar Thus for the same bar, the limiting point is higher 
or lower according as the bar is more or less hardly tempered, more or less hammered, twisted, 
and so on The bar when magnetised up to this point or to any point below it retains* its 
intensity with great constancy This limit is called the pmnt oj lafurntwn of the ni igiiet, Xnd 
the magnet when magnetised up to that point, is said to be mturated or n1a7nehsf.it <p safMa- 
t\m It may easily be determined whether a newly ipagnctised bur is above its pmous t ings, 't 
tion by withdrawing from it its keeper once or twice ai'd notici ig whcthtJ" 5 l; has lohh H'iuid or 
If it be over magpetisc” } at each withdrawal it will lose intensity, and by repeated withdrawals® 
it may quickly be reduced to the point of saturation To find whether it is below the point, it 
is onlysneceasary to increase its magnetisation and observe as before whether it will return more 
than it had' (See also Mcojnet ) 

SATURN In astronomy the sixth planet in order of distance from the sun, the second of 
the family of major planets circling outside the rone of asteroids, and tho planet which o! all 
others presents the most remarkable and complicated structure Saturn’s mean distanoo from 
the sun IS 872, 137,000 miles , his greatest 920,973,000 , his least 823 301, ocx> Since the earth’s 
mean distance is 91,430,000 miles, his distance from us vanes from .Aout 1,012,000,000 to 
about 7 32,000,000 miles The eccentncity of his orbit is consulurablc, being O 055996 In fact 
the centre of Ins orbit hes midway between the earth’s orbit and the sun His orbit n inclined 
2° 29' 28" to the plane qf the ecliptic In magnitude Saturn surpasses all tho members of tho 
solar system except J filter His equatorial diameter is about 70,150 miles, his polar about 
T^gths less, so that his compression is very easily recognised with a good telescope In volume 
Saturn exceeds the earth no less than 6g6 7 tunes , but his density being only o 13 (the earth's 
as i), hiB mass only exceeds hers 89 7 times He is far inferior to Jiiiiiter in mass, but even 
more markedly surpasses all other planets, since the combined mass of Uranus .ind Neptune, 
which come next to him m weight falls short of one third of his mass Like Jupiter he 
rotates very rapidly on his axis, the length of Ins day being about lo^ of our hours His 
equator IB inclined nearly 27 degrees to the plane of his orbit 

Saturn is attended by eight satellites, and is besides adorned by a system of rings , so that 
lus system far surpasses that of Jupiter in architectural nehne s IIis satellites differ very 
much amongst themselves in magnitude, the largest, Titan, being probably larger than any of 
Jupiter’s satelhtes, while the smallest is probably less than a sittioth part of om own moon in 
volume The observation of these satellites ii*>t the same interest for astronome rs os the 
study of Jupiter's satellites, because they are not seenrearlily enough to be of use in dctennining 
terrestrial longitudes, nor indeed would they be suitable for the purpose, as they are very 
seldom eclipsed or occulted by Saturn 

The rmgs of Saturn are among the most remarkable objects which the heavens present to our 
study They were first recognised as rings by Huyghens in 1659, but Galileo hod nearly fifty 
years before detected the remarkable changes of appearance presented by the Saturnian system 
as the orbital motion of Saturn causes the rings to be presented in varying directions towards 
the observer on our earth Galileo had first imagined that Saturn is triple, the ring as seen in 
his imperfect tdlescqpe seemmg to show two large satellites, one on cither side of Saturn. 
I’mding some tune afterwards that no trace of these imagined satellites remained, he was 
greatly perplexed. He afterward watched the planet's changes of appearance, accumulating a 
sufficient number of observations to have removed his difficulty had he carefully studied their 


significance Heveliua m like manner paid great attention to the varying aspect of Saturn 
without reasoning out its meaning After Uuyghena' discovery of the real nature of the ap- ' 
pendage, many observers examined Saturn with close scrutiny, and before long the brothers 
Ball detected a dark division going completely round the ring system, and apparently dividing 
the appendage into two distinct rings Cassini confirmed this discovery (indeed, to him is usually 
assigned the credit of havmg made it) , and later Sir William Herschel very carefully re-cxamined 
the matter, and by showmg that the dark marking can be seen on both sides of the nog-system, 
and apparently in an unchanged position, he proved that there really is a division He also 
detected signs of rotation, in the ring system though os Mr Webb has pointed out the evidence 
on which the rotation period assigned to the nngs by Herschel actually rests, is suihciently 
meagre and unsatisfactory In 1848 Bond and Hawes mdcpendently detected a dark nng 
witliin the bright rings This nng has at times been seen divided , and several divisions have 
from time to time been seen m the bright rings, though one only which divides the outer bnght 
niig into two nearly equal rings seems permanent S'or the various theones which have been 
formed respecting the rings, see Salurn't Rings 

The body of baturn is marked like that of Jupiter by dark belts, somewhat fainter than 
Jupiter’s, as might be expected from their greater distance, but disposed like his in a symmetrical 
manner with respect to Saturn’s axis of rotation (!8ce Rilts ) 

A singular circumstance has been noticed by Sir William Herschel which deserves more 
attention than it has received The disc of Saturn does not always present an elliptical shape, 
bubiB sometimes seen with two greater diameters, intersecting and having their extremities in 
abotit 45 degrees of Saturnian latitude This appearance has been called Saturn’s “sciuare- 
sh Ald ered^* aspect Sir William Herschel was very confident that it was no illusion which 
planet so abnormal a figure Nor was any peculiarity of his telescopa 
he Aticcd the same appearance with two difiereut telescopes Other observers 
also nave noticed a similar appearance, amongst them the Bonds of .Aienca, Coolidge, Airy, 
and other practised oatronuiners On the other liand, careful measurements by Mam and 
Bessel prove that the planet’s normal figure at any rate is spheroidal It is difficult to consider 
observations made by such skilful astronomers as erroneous, nor is it easy to undeistand how 
any optical illusion can explain so strange an appearance Mr Webb has ascribed to the pre- 
sent writer a theoiy explaining the peculiarity as an optical one , but os a matter of fact that 
theory was only suggested to bo immediately rejected So far as observation has yet gone thcro 
seems no escape from the conclusion that the globe of Saturn is subject to changes of shape of a 
most remarkable character, and indicating either the action of forces of upheaval or the forma- 
tion and precipitation of cloud masses at an enormous elevation in the Saturnian atmosphere 
In either c vse an amount of energy is indicated which far surpasses the action which can fairly 
be ascribed to the sun’s influence upon so distant a planet 

SATURN’S RINGS An account of the discovery of these wonderful* structures is given 
under the head Saturn The principal elements of the nngs are as follows — 


Longitude of ascending node of ring on the cchptic, .... 
Inclination of ring's plane to the ecliptic, . .... 

Annual precession of nsing node of nng’s plane on the ecliptic, or annual 
precession of the vernal equinox of Saturn’s northern hemisphere, 
Complete revolution of either equinox in years, .... 
Bxtenor diameter of the outer ring in miles, .... 

Interior diameter of the outer nng in miles, .... 

Exterior diameter of the inner ring in miles, .... 

Intenor diameter of the in^er nng in miles, .... 

Interior diameter of the dork nng, 

Breadth of the outer bnght ring, ....... 

Breadth of the division between the nngs, 

Breadth of the inner bnght nng, 

Breadth of the dark nng, 

Breadth of the system of bnght rings, 

Breadth of the entire system of rings, ... . , 

Space between the planet and the inner edge of dark nng. 



Since the time of their discovery the nngs of Saturn have been made the subject of much 
speculation Their umque character, the magnificent scale on which they fu:e dbnstructed, and 
their apparent stability in so strange a relation to the globe of Saturn, have suggested a sfinety 
of strange fancies respectmg them. Maupertius, for instance, supposed that a comet passing 
near Satum'luid beeu attracted by the planet and forced into the figure of a nng. Buffon sup* 
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nosed that the equatorial parts of Saturn had once extended as far as the outer boundary of the 
^g, and that the rest of the planet's material had contracted into the globo now actually 
presenj^d by the planet, these old equatorial hmita had been maintained unchanged where the 
ring IS seen Another theory put forward by the younger Cassim has lately been successfully 
established by the united labours of Bond, Pierce, and Maxwell, as the true theory of the ring’s 
constitution Gassim supposed that the rings consist of a multitude of minute satellites 
travelling in independent orbits around Saturn It need hardly bo said that although this 
hypothesis has been shown to be well founded, we must assign the full credit of the discovery, 
pot to Cassini, who put forward the hypothesis, but to the astronomers above named who have 
demonstrated it 

The problem of determining how far a nng-system such as Saturn’s could be supposed capable 
of remaining in equilibnum, assuming its component parts to be solid, about a globo hko 
Saturn’s, exercising mighty attractive influences on every part of tho system, was discussed to- 
wards the close of the last century by the eminent French inathematici-ui Laplace He suc- 
ceeded in demonstrating that a uniform ring could not remain in equihbnuin under such cir- 
cumstances, but suggested the possibility that a ring weighted in some way along ono inirt of 
its circumference Might continue to rotate for an indcfinito period, under conditions somewhat 
resembling those which affect the motions of an independent satellite In tins statu tho 
problem remained until the discovery of the inner daik rmg suggested tho re cx iraination of 
the conditions of stability with special reference to the case of a fluid nng Bond (one of the 
discoverers of the dark ring) and Pierce, both of America, dealt with tins problem, the latter 
also considering tho problem as dealt with by Laplace, and showing that fur stalulity the nng 
system, if solid, must bo divided into a very large number of concentric rings The subject of 
the stability of such a system as the Saturman, regarded cither as formed of coiitiiiuuiis Hugs, 
solid or fluid, of imgs of discrete bodies, or of a combination of discrete masses with^^^iiiid or 
vaporous portions, was pioposed as the subject foi tho Adams piuo in 1857 by tlic University 
of Cainbndgo The piize was awarded to Professor Maxwell, who contiibutcd a m.isteily 
essay lu which the question may he considered to have been finally disposed of He showed 
that even though a nan ow nng, weighted along one part of its circumference, were so placed in 
mtation around Saturn as to contmue foi a time undestroyed, yet that, before long, disturbances 
such as we know affect tho nngs of Saturn, must inevitably cause tho destruction of the ring. 
Still more, therefore, must we regard tho existence of a complicated family of such rings as 
ahsulutely impossible, let the figure assigned to tho several nngs be what it may Professor 
Maxwell further showed that continuous ilaid nngs would be biokcn up 4 nto fluid satellites 
under the influence of the perturbations to which they would bo subjected Dealing fanally 
with the case of a nng of discrete bodies or minute satellites, Piofessor Maxwell showed con- 
clusively that though such rings would be subject to changes of figure and disjiosition, yet these 
changes would not affect the permanence of the rmgs , that under certam cunditions, far from 
improbable, such changes would proceed very slowly indued , and iiually, that such changes as 
might be expected to take place would not be different from those which, according to the best 
obwrvations, seem actually to be taking placo within the nng-sybtem 

Thus has the perplexing problem presented by the Saturnian nug-system been finally dis- 
posed of, in the opinion at least of all who are cumpetent to weigh tho mgniflcaiice of the 
mathematical processes involved m the research But what the actual constitution of this 
system may be , what the orders of satellites forming it , whether they are mixed up amongst 
(or surrounded by) vaporous masses, or are some of them in part or wholly flmd or vaporous, 
remains as yet undetermined 
SCALES, THERMOMETEIC. See Thet-momtter 

SCHEDIB. (Arabic ) The star a of the constellation Cassiopeia. 

SCHEHALLIEN EXPERIMENT Seo Earth 

SCHWEINFUET GREEN See Acetates , Acelo-arsenile of Copper 

SCINTILLATION (ScintUla, a spark ) The act of emitting sparks or sparkling, applied 
to the twinkling appearance of the fixed stars Mr A Claudet (Phil May, No I 7 S) tiaa 
thrown some light upon this subject by an instrument which be calls the chronuUoscope He 
Attiibutes the beautiful sparkling, and changing colours, exhibited by certain stars on a clear 
night, to the evolution m different degrees of swiftness of the various coloured rays they emit. 
These rays are supposed to divide during their long and rapid course through space, and we see 
them foUowmg each other in quick succession, but so rapidly, that although we see distinctly 
the various colouis, we cannot judge of the separate lengths of their duration Mr Claudet s 
uistrunignt consists of a reflecting telescope, part of which is caused to rotate eccentrically in 
such a manner that, instead of a pomt, a rtny-hhe image of the star is seen The rapidity of 
Mutation is adjusted so that each separate colour g^iven by the star is drawn out into a large 
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segment of the ring, and in that manner the light from the star can be analysed, as m a spec 
troscope * 

SCLEROTIC COAT, (trxhijpos, hard ) The outer coatmg of the eye, the \rhite.oi the 
eye (See Eye ) 

SCREW A variety of the inclined plane It may be considered as an inclined plane 
vound round a cylinder, comparable to a winding inclined road round a steep hill, making a 
gradual ascent The projecting coils are termed the threads of the screw, and they may be 
either square or tnangular The distance between the upper edge of one thread and the cor 
responding edge of the next, measured on a line parallel to the axis, is called the distance be 
tieeen. the threads The screw is usually connected with a concave cylinder or nut, on the 
interior surface of which a spiral cavity is cut, corresponding exactly to the thread of the screw 
which moves m it When a weight is supported by a screw, the condition of equilibrium is 
found on the principle of the inclined plane (See Inclined Plane ) Suppose a weight sup 
ported by a force applied at the circumference of a screw in a direction perpendicular to a plane 
through the avis If we suppose the surface of one thread of the screw cut horizontally and 
unrolled, we shall obtain an inclined plane in which a weight is supported by a force parallel to 
the base Consequently, the condition of equilibrium is, that the power shall be to the weight 
as the height of the plane to its base, or as the distance between the threads to the circuni 
ference of the cylinder 

The screw is usually used with a lever inserted into the top of the screw Its length ^ 
reckoned from the axis of the cylinder, and its separate mechanical advantage is its lengtl 
divided by the radius of the cylinder But it is easily proved that if we know the length of the 
lever it is not necessary to know the circumference of the cylinder, but that the power is tr 
the weight supported as the distance between the thread la to the circumference of the circle 
descnblP by the power Consequently, the mechaniLal effect of the screw is increased cither 
by lengthening the arm of the lever or by diminishing the distance between the threads , but 
the latter cannot be performed beyond a certain bmit without making the threads too weak to 
bear the strain upon them , 

The spiral curve formed on the cylinder, by supposing the threads to be reduced to a simple 
bne, IS called a helix 

The form of the screw may be very varied The nut may be moveable and the screw fixed, 
or the screw movuibk and the nut hxed, &c The screw is commonly used to exert pressure, 
as in the Bcrew-prcss {See Differential Set no j Endless Screw ) 

SCREW, ARCHIMEDEAN. See At chimedcan Set ew 

SCORPIO (The Scorpion ) A sign of the zodiac The sun enters this sign on about 
October 23d, and leaves it on about November 22d The constellation Scorpio occupies the 
zodiacal region corresponding to the sign Sagittal lus. This constellation is one of the richest 
in the heavens The brilliant red star Antaies is its chief 01 b, but many conspicuous stars are 
spread over its extent Antares is a donblj star It had long been noticed that during the 
scintillations of this star a singularly well marked green tint became from time to tunc per 
oeptible, and the idea was suggested that there might be a minute green companion to the 
ruddy Antares , but astronomers did not reathly succeed in detecting it At length, hou* 
ever, Mitchell, using the fane refractor of the Cmunnatti Observatory, recognised a small green 
star near Antares Any doubt which might have existed as to the reality of the green colour 
of this companion was removed by an observation made by Mr Dawes during the occultation 
of Antares He found that w hen tlio pnmaiy was alone concealed the small star retained its 
colour The constellation contains many other objects of interest 

SOOIIPIUS A name by which the constellation Scorpio is conveniently designated when 
there is occasion to refer to any stai-s belongmg to it Thus Antares is called Alpha Scoijiii, 
not Alpha Scorpionis. 

SCULPTOR (Abbreviated from Apparatm Sculptonus, the Sculptor’s Easel } One of 
LacoiUe’s southern constellations 

SEA, INFLUENCE OF, ON CLIMATE See aiinate 
SEA SALT See Sodtum, Chloride 

SEASONS The name given to those four divisions of the year which correspond to the 
Bun’s apparent motion from the winter solstice to the vernal equinox (winter), thence to the 
summer solstice (spring), thence to the autumnal equinox (summer), and thence to the winter 
solstice again (autumn) As these motions of the sun are caused by a real motion of the earth, 
we have, in explaining the seasons, to consider the earth’s position and motions We find the 
cause of the seasons m the relation between the earth’s axial position and the positi^ of her 
orbit-plane The axis is inchiied to this plane at an angle of about 66^° (see Obliqudt/ of the 
£cltptte),'aad retains its position while the earth completes her circuit, so that if cue could 



look down upon the earth from a point at an indefinite height above the plane of the ecliptic, 
Qne would eee the visible pole always bearing in the same direction, with respect to the centre 
of the earth It is clear then that as the earth travels round the sun, this pole so viewed 
(rould*continually change its beonng with respect to the sun, at precisely the late os the 
earth’s centre does When the pole so viewed seems to bear directly towards the sun, it is 
summer for the visible hemisphere, A quarter of a revolution further on, the pole would bear 
neither towards nor from the sun , then all the days and nights are equal, and it is autumn , 
a quarter of a revolution later the pole bears directly from the sun, and it is wmter , and, 
lastly, yet a quarter of a revohitiun later the pole bears neither from nor towards the sun, and 
it IB spring It need hardly be said that, where the pole has here been said to bo ir apparently 
directly towards the sun, the real inclination has been but 23^° — the complement that is, of 
the inclination of the earth's axis to the ecliptic 

SECONDARY COIL See Coi?, Pi mary 

SECUNDA GIEDI (Latin ami Arabic ) The star o® of the constellation Capricomus, 

SECONDARY AND PRIMARY RAINBOW See liiuubow 

SELECTIVE ABSORPTION OP HliAT> See Absor^/Uon oj Heat, 

SELENITE. See Sulphates , Calcium 

SELENIUM [’SeXijin], the moon) A non*metallic element much resembling sulphur, 
discovered by Berzelius m 1817 It forms a brittle, glassy mass of a deep blown coloui, aud a 
semi-metallic lustre Specific gravity 43 At the boiling point of watei it softens, and melts 
at a little higher temperature It boils lielow a red heat, e\ olving a deep orange coloured 
vapour which condenses os a scarlet powder, op in blick fused diops according to tho tempera- 
ture of the receiver Like sulphur, selenium forms aevoial allotropic modihc ituuis Atomic 
weight 79 5 Symbol Se Selenium unites with oxygen in two pioportions fonuing a dioxide 
(SeO,j) and a trioxide (SeOj) , the latter is only known in combination These arc analogous to 
the corresponding oxides of sulphur, and are cidled sdeuious and seleiuc acids. They each form 
a well defined aeries of salts 

SELENIURETTED HYDROGEN (SoHj) A gaseous compound of beleniiim and 
hjdrogeny possessing an intensely disgusting smell, and very poisonous When p.issed tliroiigh 
metallic solutions it prccqutates most of tho heavy metals as selenides In its pli} sical aud 
chemical properties it is strictly analogous to the currcbpunding sulphur conipouud, sulphuretted 
hydrogen, or hydro bulphunc acid (which see) 

SELEN OGRAPHY the moon, and ypaifxo, to debneatc ) Tlio art of picturing or 

describing the face of the moon We owe to Cobsim, Schroter, LoIiniiann,Beer and Muller, 
Schmidt, and others, the principal maps oy drawings of tlic moon lu WebL’t Celestial Objects 
an excellent account and a veiy convenient map of the moon will be found Recently Mr Birt 
has paid great attention to lunar phenomena 

SENSITIVE FLAMES This name is given to flames of gas which under certain con- 
ditions evince a wonderful susceptibility to the influence of sonorous vibrations They were 
discovered m 1865, in which year Barrett noticed that a shtill and piolonged note had a cunous 
effect on a tail and slender gas flame that was burning from a tajjciiiig jet Under tho 
influence of the sound the flam\ , which was about 14 inches long, bliurteued itself several inches , 
at the same time the upper part spread out sideways into a flat flame, which gave on increased 
amount of light from the more perfect combustion of the gas Less strongly tho same effect 
took place when a high note was sounded even 40 or 50 feet away This singular phenomenon 
Barrett made the starting point of an investigation, in which ho “succeeded 111 hnding soma of 
the conditions of its success, and so exalting the action that the flame moved .it the slightest 
noise ” In connection with this discovery it is to bo noticed that mechanics have often had 
Occasion to observe that the large bats-wmg gas flames m their workslioji-i became disturbed and 
thrust out little tongues of flame when the noibe of the work happened to bo sustained and 
Bhrill A similar observation to this had, it appears, been published some yeais agu m America 
by Leconte, who had remarked that during a concert certain of the gas flames in the room 
“exhibited pulsations m height, which were especially conspicuous when the strong notes of the 
Violoncello came m “ To Leconte is further due the happy and important observation that the 
flames did not jump until the pressure of the gas caused them to be near flanng Tyndall next 
look up the subject, and having largely added to its mtercst and importance, made the first 
punlication of the discovery at a Friday evening lecture at the Royal Institution m January 
1867 

In order to obtain a sensitive flame attention is necessary to two things — The shape of the 
Wrner whence the* gaa issues, and the pressure urgmg the flow of gas. The former will be 
^esenbe^ directly, the latter should be as great as possible short of makmg the gas to flare, 
combustible gas will answer the puipmK, but cw gas is the readiest and mo8t«uitable, 


henoe it la aaaumed aa that emploj^ed If a piece of glasa tuhlng be drawn out to a tapenD? 
orifice, about one-aixteenth of an inch in diameter, and the onfice snipped or filed into a alightlv 
V shaped aperture, such a burner wiU yield a moderately sensitive flame when attached to the 
ordinary gas mams The best time to experiment is at dusk when the pressure of the ^3 u 
generally at its maximum The sound of a whistle or the higher notes cf any musical 
Instrument causes the flame to shrink down to half its height and spread out laterally like a fish 
tail flame, but immediately recovering itself the moment the sound has ceased Some amusing 
experiments dependent on this change m the luminosity and aspect of the flame at once suggest 
themselves When burning m a darkened room small prmt may be read at a distance from 
the flame, only when the flame is whistled to , or gun cotton may be placed near the flame aud 
at the sound of the proper note the flame will diverge and ignite the cotton or fire a cannon 
Barrett has applied such a flame to the construction of an instrument which rings an electnc 
bell at the least noise, and which may be turned to practical use in the detection of burglary, 
or revealing the approach of any shrill noise The instrument consists of two upright brass 
rods fixed to a httle stand at a distance of some three inches apart Attached at right angles 
to the summit of one rod is a compound metallifl nbbon, consistmg of thin layers of sUver, gold, 
and platinum welded together This arrangement, as is well known, expands unequally by 
heat , BO doing it swerves aside and is thus brought into contact with a platinum teimmal pro- 
jecting from the top of the second brass rod Connected with the two rods is a cell of on 
electnc battery, and associated with which is an electnc bell The bell immediately nngs when 
the electric circuit is complete, but under ordinary circumstances a gap of about half an inch la 
left between the metallic nbbon and the platinum terminal In front of the two upnght rods 
and close to the mctaUic ribbon a sensitive flame is caused to bum By the divergence of this 
flame, under the influence of a high note, the metallic ribbon is heated , it swerves aside, and 
coming in contact with the platinum point closes tho little gap m the electno mrcuit The 
ringing of the electric bell, may-be miles away, announces the fact almost simultaneously with 
the utterance of the sound which affected the flame 

A still more sensitive flame may be obtained by urging coal gas from a gas-bag, or bettor a 
gaa-bolder, and allowing the gas merely to issue from a tapenng jet The best, jet for this 
purpose 13 made of steatite aud similar to what is used for “jet photometers” By carefully 
increasing the pressure of the gas until the flame is just short of roarmg, and allowing a perfectly 
free passage of the gas to the burner, aflame may be obtained fully twenty inches high if thesur 
rounding air be perfectly still The least noise or the faintest sibilant, knocks the flame down 
more than a foot , tfie moment the sound ceases the flame promptly recovers itself The best 
sized orifice for the burner is one that just admits No 19 wire, or 004.6 inch m diameter, and tho 
pressure of the gas required is about equal to 3^ inches of water The extraordmary sensitive- 
ness of such a flame may be judged from the fact that it beats strongly m time to the ticking of 
a watch hold near it, and that it responds to the clunk of small coins 8]>aken a hundred feet 
away 

In a lecture, delivered before the Royal Dublm Society, Barrett has shown the value of such 
a flame as a dchcite phonoscope Placing, for example, a watch m the focus of one parabohe 
mirror and a sensitive flame in the focus of another distant mirror, the reflection and conver- 
gence of sound IS seen by the regular beating of the flame to every tick of the watch, an effect 
which immediately ceases when the flame is displaced from the focus by being brought nearer 
the watch Other laws of acoustics, such as the fact that a body — a bell, for example — when 
sounding is divided mto ventral segments separated by intervals of rest, may be readily shown 
by a sensitive flame , also the refraction and mterference of sound waves may be illustrated to 
a large audience by the same agency 

This remarkable change in the aspect of a sensitive flame is wrought solely by the effect of 
sonorous vibrations, and is not at all due to the impact of pufls of air which may have 
attended the production of tho sound The particles of air, if ever so violently displaced, could 
not struggle onward through the entangled bamer produced by their surroundmg fellows, and 
could they possibly reach the flame their impact would be incompetent to produce an effect so 
strange and sure Hence this effect is solely caused by the wave-hke to and fro motion by 
which sound is propagated from place to place It is the product of translated motum, not of 
translated matter 

Now, the question arises, What is the cause of this phenomena f In the first place, it must bo 
borne m mind that a sensitive flame is a flame on the point of roarmg, and thereby on the brink 
of changmg its asjiect In the words of Professor Tyndall, “ it stands on the edge of a prec> 
pice. The proper sound pushes it over It shortens when a whistle sounds, exactly os it did 
when the pressure was in excess The action reminds one of the stoiy of the Swiss ifiuleteeis 
who are Aid to tie up their bells at certain places lest the tinkle should bnng an avalanche 
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iown The enow must be very delicately poised before this would occur I believe it never 
iid occur, but our flame illustrates the principle We bring it to the verge of falling, and the 
jonorous pulses precipitate what was already imminent " A fuller explanation has been proposed 
by Barrett m the PhiUaoplacal Moffasine for April 1867 A roaring flame is shown by means 
of a moving mirror to be a flame in a state of vibration , so also is a sensitive flame when 
influenced by a sound Now, suppose a gas flame to be very near its sensitive point, that is, if 
bhe gas ripples a little faster through the onfice the flame a ill change its shape and be thrown 
into a state of vibration Increasing the pressure of the gas on ^nost imperceptible amount 
mil produce such an effect, and so also certain vibrations acting on the gas become equivalent 
bo an increase of pressure m the holder Hence a sensitive flame is the analogue of a resonant 
column of air Both are caused insensibly to vibrate at any note, but when the pitch of the 
note accords with the normal rate of vibration of the flame or the air, then the flame visibly, 
and the column of air audibly, responds with energy to that note So that bringing the flame 
to the point at which it is sensitive to a particular note, i» somewhat hke adjusting the length of 
a column of air until it resounds to a certain tuning fork 

Not only flames but streams of unignited gas or air, made visible by si*oke, may be rendered 
extraordinanly sensitive Tyndall, enlargmg the experiments of Savart, has further shown 
that jets of water under proper conditions are also capable of becoming exceedingly sensitive to 
notes of the proper pitch 

I’or further infoimation on this subject the reader is referred to the Sixth Lecture in 
Tyndall's work on Sound, and to a dissertation on Sensitive Flames, by Ban ett, in the PopuhiT 
Scienre Jteiicw for April 1867 , to vhich article we acknowledge our mdehtedness 

SEPAllATED TOUCH A technical term used m practical magnetism to designate a 
method of magnetisation According to this method, a pair of bar magnets are held inclined 
to the bar to be magnetised, and with their opposite poles resting on it They arc placed on it 
in the middle, and they are then separated, one being drawn towaids each end, where they are 
hUed and brought back without further contact to the middle, again separated, and so on 
The method of separated touch was invented by Dr Gowan Knight in 1745, and, owing 
to his great success in making powerful and even magnets, bears a high reputation See Ma(f- 
netisatton 

SEPTUM {Septum, a fence ) See Ltalysts 

SEEEIN Bam which falls from a cloudless sky In tropical regions the phenomenon is 
not unusual 

SERPENS (The serpent ) One of Ptolemy’s northern constellations « It consists of two 
portions separated by the body of Ophiuchus 

SEXTANS (Abbreviated from Sextans Uianice, the Sextant of Urania or Tycho Brahe’s 
Sextant ) A constellation invented by Ilevehus, in honour of Tycho Brahd, and specially to 
commemorate the successful application of instrumental astronomy to the beavens by that 
astronomer The fomation of this astensm can hardly be regarded as a useful service ren- 
dered to astronomy 

SEXTANT (Sextans, the sixth part ) An instrument having the figure of a sector of a 
circle, 60° in arc, used for measuring the angular distances between objects The frame bears 
a telescope diiected to a small mirror, only half of which is silvered Thus one can look at an 
object through the telescope in the usual way, seeing through the mirror glass An arm mov- 
ing radially round the sector bears another small mirror (placed over the Lciitro of the sector), 
and, by moving the radial arm, this mirror can be so placed relatively to the other (both minora 
being at light angles to the plane of the sector), that rays from a star after reflection, firstly, at 
the face of the moveable mirror, and then at the face of the other, pass down the axis of the 
telescope Thus two objects can be seen at once, one directly through the tdcpcopc, the other 
after two reflections Now, it is obvious that, when a ray of light is reflected successively at 
the face of two mirrors, the last part of its course is inclined to the first part, at an angle which 
IS twice the angle of incbnation between the two mirrors (For if the second muror were 
parallel to the first, tlio last part would be parallel to the first part, and shifting the second 
^nirror would equally shift the perpendicular to the second mirror, w ith which the two last por- 
tions of the ray’s course make always equal angles, so that a deviation equal to the angular 
movement of the perpendicular would result in each side of the perpendicular, or a double 
deviation on the whole ) Hence we have only to double the angle between the two mirrors 
when both objects are seen m the same apparent direction, to determine the angular distance 
between the two objects The radial arm serves to show through what angle the mirror has 
been shifted , but each degree division is counted as tw i in numbering along the limb, so 
that by mmple reading off one obtains the angular distance hetwef n the two objects directly 
^e sextant was invented by Hadley, and is commonly called Hadley’s sextant, Eor a full 
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account of the instrument, and a descnption of other forms m which it is used, see Loomis's 
excellent treatise on Practical Astronomy 

SHADOW. (AS, scadu, sceada, Ger acKatten, crxia, a shadow) Ab light moves m ' 
straight lines, it is intercepted by any opaque substanfce, producing the effect of a dark space 
bounded by a more or less sharp outbne, the shape of the interceptmg body This is called the 
shadow When the light issues from a pomt, the sharpness of outline is very great, being mter> 
fered with by diffraction or inflection only When, however, the source of light has a sensible 
diameter (the sun, for instance), the shadow is bounded by a broad indistinct portion caused by 
the hght not being suddenly cut oS by the opaque body This portion is called the penumbra, 
the shadow being sometimes called the umbra 

SHEAVE, (Old Dutch, schijie, orb, disc, wheel , German, acheibe), A wheel fixed in a 
block, and turnmg on a pivot It is grooved ou its edge to receive cord, with which it rotates. 
This forms the common pulley (See PuMeif ) 

SHELIAK (Arabic ) The star ^ of the consteUation Lyra 

SHELtLAC The name appbed to the resm lac (see Beams) after it has been melted and 
strained from impuritfts 

SHEGATAN (Arabic ) The star /? of the constellation Aries. 

SHOCK, LATERAL See Lateral Shod. 

SHOOTING STARS See Meteors, Luminous 

SHORT-SIGHTEDNESS An imperfection of the eye caused by too great convexity of 
the crystalline lens, by which images of objects do not come to a distinct focus on the retina, 
but a little in front of it This may be perfectly remedied by correcting the excess of curva 
ture of the crystalline lens by placing m front of the eye a shghtly concave lens (See Eye, 
Spectacles ) 

SIDEREAL SYSTEM (Sudus, a star ) The term under which astronomers mclude all 
the objects which fall within the I'lmta of the system of stars whereof our sun is a member 
The most important problem in the whole range of the sucnce of astronomy consists in the 
determination of the extent of the sidereal system, and the nature of the objects which must be 
supposed to belong to it . " 

Undoubtedly, when Sir William Herschel began his wonderful senes of labours amidst the 
stellar depths, there wtio just reasons fur bcheviug that the sidereal system is m fact no other 
than the stellar system, so that all objects which can be shown to be other than stars or suns 
must be regarded as lying beyond its limits For Sir WiUiam Herschel justly took the planet- 
ary system us ailordllLg the only available analogue of the sidereal system, and the planetary 
system, os known to that great astronomer, exhibited none of that variety of constitution which 
we recognise at the present time 

Hence we find that the very basis of Sir William Ilerschel’s system of star-gaugmg, the plan 
by which he hoped to define the hmits of the sAneal system, consisted itv the hypothesis that 
the stars are suns, comparable inter sc m inagoitude, and distributed with a certain general 
uniformity throughout space 

But as his labours progressed, we find Sir Wilham Herschel expressing doubts as to tho jus 
tice of the hypothesis on which ho was proceeding He found evidence in the star-groups he 
analysed that processes of aggregation and scgicgation had been at work, tending to destroy 
all uniformity of distribution, supposing such uuifumiity hod ever existed within the sidere^ 
system And, again, he recognised the existence, within the limits of that system, of objects 
idtogether different m their constitution from the stars or suns His wonderfid reasoning 
powers enabled him to pronounce conhdently that many of the nebulrn are gaseous, or consist of 
some form of luminous mist, and not (as he judged to be the case wath others) of stars resem 
bling our sun He even went so far as to assert that the great nebula in Onon lies nearer to 
us than the stars seen in the same field of view In other respects also, he expressed doubts 
as to the justice of the hypothesis which had formed the basis of his earlier researches 

Hence wo may be permitted to look with considerable doubt on that theory of the sidereal 
^stem which has been regarded by many as exhibiting the positive teachings of Sir WiUiam 
Herschel (see Galaxy), and has been exhibited with more or less correctness in our treatises on 
popular astronomy. 

It may be worth inquiring whether wc ought not to commence by investigating the relations 
presented by the brighter stars, rather than pass at once beyond their limits, and consider the 
much more complicated questions suggested by the millions on millions of stars brought into 
view by the telescope ^ , 

It IB clear that, if the general principles which Sir Wilham Herschel adopted as the basis of 
his researches ore just, we might fairly expect to find among the stars visible to the mixed eye 
a certain umfonnity of distribution. The sphere withm vluch such stars ate included falls ^ 
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withm the hmits of the sidereal system, as figured under the form of a cloven disc bv Sir Wil- 
hftin Hersohel, On the othfer hand, it is extended enough and contains a sufficient number of 
stars to render us safe from mistaking arrangements really due to chance distribution for the 
sigQS of special laws of stellar aggregation. 

Now, when we limit our attention to stars of tho first six oiders, we detect signs of special 
arrangement far too marked to admit of being disregarded Instead of finding the lucid stars 
spread with a general unifoimity over the heavens, we find them congregated muic densely in 
certain regions than in others In the northern hemisphere the lucid stais show a inarkcd pre- 
ference for the region covered by tho constellations Cepheus, Cassiopeia, Lacerta, and Cygnna 
111 the southern heavens there is a corresponding but much larger region, even riclici m stars 
than the northern one It covers an area extending some forty or fort^ five degrees on all sides 
of the greater Magellanic Cloud Within these regions and the part of tho heave’ns covered by 
the Milky Way, lucid stars are distributed on tho average three tunes as richly as over the rest 
of the heavens 

It IS also Vrorthy of notice that the southern hemis2)hero contains about looo more stars 
visible to the naked eye than the northern 

These relafuns lead one to regard the hypothesis of uniform distribution as untenable If it 
be abandoned all tho results which have been founded niion it must be .abandoned also In 
other words, the views winch have been hitherto adopted respeetmg the siileieal system must 
be regaided as at the least unproved 

In viewing the sidereal system, indcpendoiitly of preconceived opinions, wc arc led to pa> 
attentive consideiation to many relvtions which might otherwise hive bien regaided is acii- 
dental !For cx.imple, while the stars were assumed to be eomp.irablc, iiilu tr, in magriitiule, 
and distributed with a general uniformity throughout space, it was uuhkelv that .istioiioinors 
would look for any signs of association between the lucid stnis and the Alilky Way, or if any 
snob sign attr.icted their attention for .i moment, they would be disposed to reject at once tho 
thought that it could be otherwise than accident il Or agim, if ti ices of the cxi-tcnee of star 
btreains and star clusterings (of considerable extent) vveio rteogmsed, they also would be dis- 
missed, as resulting from mere coincidences 

But when once the whole subject 18 reganlcil as one lliat roquires to bo dealt with t/f noio, 
these and corresponding indications become all important I be moans vve li ive of solving the 
great problem arc so few, "the material tbieuls out of which a consi-,tint theory of the universe 
IS to Ijo wrought aie so slight ” (to use tho vv <nds of .Sir J oJiii 1 fti -tlu 1), tli.it we i iniiot aitord 
to lose even the slenderest clue which may stive by iny jiossibility foi our giiidanie 

This being the t.ise, the attention of astionomcis c uinot be too uigeiit^ invited to tho «on- 
Bideratiuii of the vanous featnics of the licaveiis wliiili iniy be regarded as likely to pnivc m- 
stnictivc There aie many In iii<lits of sidireal astronomy winch Ji ive as yet been left almost 
wholly nntouchecl lleseaiches into the numeiieal nlations obstivid .iiuong st.irs of vaiiouH 
orders, a cireful coifsider.atmn of the pcculi iiities of jiroper motion obseiv.iMe m dilierciit jiarta 
of the heavens, a comparison of the speeti l of st.irs m one region vvilli those of stars seen in 
others, a caieful stinly of the relations observed among coloured or v.im.iMl stirs , these, and 
a multitude of similar subjects of imjuiry, ojien a wide hold of useful anil piuhtablu labour to 
the astronomer 

Amongst the results which have followed from inquiries of this sort, the following may bo 
mentioned, ratliei as an encounageinent to students of .astronomy to juirsue this j.aifieulai lino 
of research, than for the completeness of the evidence they alford resjieeting the sidereal 
system 

Tho nebula! which, while the old theories respecting tho sidnrcal sjstcm were unquestioned, 
came naturally to be regarded as external sj stems resembhng it m character, are found to 
exhibit peculiaiities of distiibution, showing that they jirob ibly foirri jurt and jiarcd of tho 
sidereal system (See Ncbulw ) The red stars are found to affect the neighbouihoocl, and 
especially the borders of the Milky Way, and also to he along the eouise of well marked star- 
streams In the distribution of the variable stars, a similar peculiarity may be rceognised. 
When the proper motions of the stars are mapped, it is found that in eert.uii regions tho stars 
are travelling collectively in one direction, or that among the atais covering a particular part 
of the heavens, two or three orders of proper motion only can be recognised, (See Start, Hed , 
Stan, VaruMe, Proper Motto nt of the Stan) 

Such relations as these, added to what has been already mentioned respecting the richer 
aggregation of lucid stars in certain parts of the heavens than m others, point to tho conclusion 
that there is a Variety of structure withm the sidereal system, such as has not hitherto been 
adequately recognised If we regard red stars or variable stars, as well as lucid stars generally, 
as associated in an intimate manner with tho Milky Way, we have to regard that stream of 
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Btora as, in a sense, sin generw Again, if we look on nebulee as belonging to the sidereal 
system, we are compelled to recognise the existence of objects within that system wholly 
different from the fixed stars, whether single or multiple , and, lastly, if we accept the view ° 
that whole groups of lucid stars are travelling collectively through space, we are forceduto 
recognise not merely the present existence of special laws of association, but the action of such 
laws on definite regions of space during long past ages 

But the question further suggests itself whether, if we abandon the views formed by Sir 
William Herschel respecting the sidereal system, we must not with them abandon the view 
that our telescopes arc powerful enough to reach the limits of that system What is the 
evidence we have that, m any direction, the limits of the sidereal system have been reached 1 
It has been admitted that the appearance of irresolvable nebulosity in any part of the heavens 
IS a proof that there, at any rate, the limits of the sidereal system be beyond the range of the 
telescope which exhibits such nebulosity On the other hand, when the stars are seen 
separated from each other on a black background, it has hitherto been assumed without ques- 
tion that the limits of the system have been reached. Yet we ha\ e clear evidence, in the 
appearance of the Magellanic Clouds, that this criterion is deceptive For in Sir John Ilerschcl’s 
twenty-feet reflector the outer parts of the Mf^ellamc Clouds were found to be quite irresolv- 
able, whereas the central parts were clearly resolved Now it cannot for a moment be sup- 
posed that the difference m this case is due to a difference m the extent and dist ince of tho 
star masses under examination It is perfectly obvious tliat here, at any rate, a difference of 
constitution is m question, that the stars fomungthe outer part of the Magellanic Cloud cannot 
be regarded as belonging to a stratum Gx.tendmg to far greater distances from the eye than 
those forming the central parts of the Nubecula It will be well to recognise the consequences 
which flow directly from this What is proved is, that so far as Sir John fTerschel's twenty- 
feet reflector is concerned, irresolvable nebulosity in any duection does not necessarily signify 
enormous extension of the sidereal system in that direction But doubt is thus at once thrown 
on corresponding evidence m the case of any telescope , nor is there any reason for limiting the 
influence of the doubt to telescopic vision , it is obvious that what is true of tho telescope is 
tnie of the naked eye Hence tho existence of nebulous light in any part of the heavens, as 
seen by the naked eye, is no proof that tho stars producing that hght foim a stratum of enor- 
mous extent m the direction of the line of sight Thus the farthest lunits of the galaxy may 
be no farther from us than many stars separately visible 

For the present it would seem well to regard the constitution of the sidereal system as an un- 
solved problem It must be remembeied that Sir William Herschel himself expressed doubts 
as to the justice of thii hypotheses on which he based his views We know, faither, that Ins 
ideas of the solar system, which suggested those hypotheses, were founded on inexact know- 
ledge Astronomy has, in recent years, exhibited such a wonderful variety within the limits of 
the solar system, as to force on us the conclusion that if tiie solar system is to be rogardc d as 
supplying any evidence at all respecting the constitution of the sidereal syfftcm, that evidence 
points to inhmte variety of constitution rather than to the uniformity imagined by Sir William 
Herschel So that we need not be surjinsed should it eventually appear that besides the pn- 
uary suns, there exist, within the hnuts of the sidereal scheme, groups and systems of suns, 
whole galaxies of minor orbs, clustering stellar aggregations of ev ery variety of form, richness, 
and distribution , all the various forms of nebulas, circular, elliptical, and spiral, and widely 
extendeil gaseous masses clinging in fantastic convolutions around stars and star systems 

SIDEKEAL TIME ISee Day 

SIDEllEAL YEAE Sec Year 

SIDE PllESSUEE OP MOVING GASES If a mass of air move in any direction, 
in the midst of an atmosphere otherwise still, the latter will be set m motion and will strive to 
follow in the wake of the moving mass In effecting this it will undergo partial rarefaction 
This effect is exliibited on a large scale m nature when such rarefaction is detected by tho fall 
of the barometer in the neighbourhood of the masses of moving air constituting stonns On a 
smaller scale the same effect is shown m “ Clement’s Experiment " If a vertical tube be fastened 
to a hole in the centre of a circular disc, and another perfect disc of hght material is brought 
near to the first one, wlien air is forced down the tube the second disc may be lifted The air 
passing vertically downwards through the tube strikes against the lower disc and tends, of 
course, to blow it away , but its vertical motion is conuertod into a horizontal one It passes 
fiom tho centre towards the circumference of the parallel discs, and consequently has to expand 
to fill the larger space It becomes therefore dilated and dimimshed in tension, giv ing rise to a 
partial vacuum , the nir beneath the lower disc presses up to restore the tension, and thereby 
forces up the disc Thj same may be shown by blowing air through a narrow tulie a on 
one Side of a candle flame, which is a little beyond the end of the tub6 , the flame inclines towards 
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the current If a current of air be blown between two sheeta of paper hung up vertically and 
parallel, the sheeta will cleave together. ^ 

SIDEBITE Bee Quartz 

Signs of the zodiac See Zodiac. 

SILEX. The old name for silica 

silica. The chemical name of quartz, which see for its properties in the native state. 
Silica la an oxide of silicnim, its formula being SiOj. As prepared artificially in, the anhydrous 
state It forms a white powder, msoluble in water, *nd in all acicLs except hydrofluoric acid It dis- 
solves, however, in alkalies, especially on heating , it requires a very high temperature to fuse 
it, but melts before the oxyhydrogen blow-pipe to a transp.ireiit glass When heated with an 
alkahne carbonate it causes an evolution of carbonic acid, and melts to a perfectly transparent 
glass When prepared artificially silica unites with water and forms a gelatinous hydrate which 

13 much more soluble than anhydrous silica, and by dialj'sing a solution of an alkaline silicate 
m excess of hydrochloric acid, Graluain has obtained a clear solution of siliui m water In 
this manner an aqueous solution may be ohtamed which, by concentration, contains as much as 

14 per cent of silic.i , this solution la tasteless and colourless, and has a very faint acid reaction 
The addition of many substances, such as carbonic acid, an alkahne or earthy carbonate, &c , 
causes it to coagulate , when c \ aporated in a vacuum over oil of vitriol, a transparent gla'sy 
hydrate is left of the formula SiOj HjO , other hydrates are supposed to exist, bnt their composi- 
tion 13 uncertain, as the water appears to be held ivith very alight affinity Ilydrato of silica is 
found native as opal and also as a white chaUcy deposit Silica possesses the property of an 
acid, and, owing to its being non volatile at a very high tcmiicrature, it displaces most of tho 
other acidsfroni their combinations , when united with bases these compounds are called silicates 
(which s e), and their chemistry is in the highest degree inlricatc Many mct.vllic silicates 
occur abundantly in the mineral kingdom, forming, in fact, tho greater part of the e irth’s trust , 
they are mostly fusible, and are all insoluble in water with tho exception of the alkaline bilicatcs , 
they are all decomposed by hydrofluoric acid, but other mineral acids exert very vanous sob ent 
powers upon them , they may all, however, be rendered soliihlo in dilute hydrochloiic acid by 
fusion*with an alkahne carbonate , carbonic acul being evolved , when heated with a fluondo, 
and strong sulphuric acid, the silica is all driven off m the form of gaseous fluondo of silicon 

SILICATES — Silicates of Alumiuuin — Aluminium forms several silicates which are met 
with in nature The following ore the most iniport.aiit, vnth their minctalogical names and 
formula?, omitting tho water Colbjiite (A]jO| SiOj) , Slaurolitc (4AI2O, 3S1OJ,) , Andalusite, 
Kyamte, and Allophane (AljOj SiOj) , PoredaitiClaif from Giitteiiberg 3S1O2) , Kaolin 

or Pul celam Clay, most varieties (AljOj aSiOj), Porcelain Clay from Bissau (4AIJO3 9S1O2) , 
Cimulite (zAljOj 9S1O2 ) There are a great many utlicr sihc.atcs of alumina which are probably 
mixtures of various dchuite Nilic.atcs The large family of clays m.iy he included under this 
head, neglecting tfije iron, hme, &c , which they contain in vaiiahle proportions The double 
and multiple silicates contauiiug more than one met.il, and the mixtures of silicates with 
borates, aluminates, titanates, A,c , arc too numerous to bo mentioned m detail 

Silicate of Calcium — Several silicates of calcium ate founil native , tho mono-sihcate 
(CaO S1O2) IS known under the name of Wollaslontte , the scRqiuHilicate is known as Gyrclite, 
the disilicate is called Olerntc Sihcate of calcium can be obtained aitihcially by heating mix- 
tures of pounded quartz and marble to bright redness Hydr luhc mortar owes its property cf 
hardening under water to silicate of calcium, and for this purpose, slaked lime is mixed with 
hydrated silica or minerals containing sihca m such a state that combination will take place 
between the silica and the hme in the wet way Quartz or sand will not unite chemically with 
hme, and therefore ordinary mortar, which is a mixture of slaked hme and sand, owes none of 
its properties to the formation of silicate of hme, but hardens simply by drying, and by absorp- 
tion of carbonic acid from the atmosphere 

Silicate of Copper — Mono-silicate of copper is met with native, as dioptase (Cu.'iiOs.HgO), and 
as ckrysocoUa , the former is of an emerald green colour, transparent, hard, and crystallised , 
the latter is massive, somewhat soft, semi opaque, and of a bluish green colour 

Silicate of h on — 'Ihe mineral known as fayalite or non cliryiohle is of a black, greenish, or 
brownish colour, and of a specific gravity 4 l Composition zFeO SiOj , this is also approxi- 
mately the compoaition of some of the dags obtained in the manufacture of iron 

Silicate of Lead — This silicate is only of interest in combination with borate of lead Fara- 
day’s heavy glass, by means of which he made his brilliant experiments on tho action of mag- 
netism on light,, consists of a boro sihcate of lead which he piepored by fusmg oxide of lead, 
aihca, and boracic ae.d together 

Sdibate of Potassium— A definite eihcato can only bo prepared by fusing together the 
atomic proportions of ^ca and carbonate of potasaiimi, the monoeUtcate (K2O.Si02)iia then pro- 
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duced as a transparent gloss, winch la deliquescent in the air, and readily soluble in water 
forming an alkahne liquid By increasing the proportion of silica, compounds are produced > 
which are not deliquescent, and are stdl soluble , thus, by heating 1 5 parts of silica with abqnt 
lO ports of pure carbonate of potash to bright redness for some hours, a tttra-inlicate (KjO 4S1O1) 
is produced, which is met with in commerce under the name of water-glass This compound 
has the appearance of ordinary glass, and dissolves slowly but completely in boding water , the 
solution IB decomposed by all acids with separation of gelatinous silica , when exposed in thin 
layers to the air, it dries up to a tough glassy film, which is gradually decomposed by the car- 
bomc acid in the atmosphere, leaving the silica behind as a compact insoluble coating When 
the material on which the soluble glass is applied exerts a chemical action upon the siLcatc, 
(as when it contains carbonate of lime (chalk) or similar substances), decomposition takes 
place , the silica goes to the earthy base, and the mass gams very considerably in hardness A 
piece of chalk treated in this manner becomes as hard as marble , on this account soluble glass 
(prepared either with silicate of potash, sihcate of soda, or mixed silicate of the two) is largely 
used as a hardening material fur building stones When no substance is present m the stone 
capable of decomposing the alkahne silicate, a wash of chloride of calcium is subsequently 
given, whereby an msoluble calcium silicate is formed which fills up the pores, and confers hard- 
ness and power of resisting atmospheric influences Alkaline silicates, together with sihcates 
of calcium, lead, and other metals, form the several varieties of glass (See Glass 1 

Silicates of Sodium — These sibcates are so similar to the potash salts that the above descrip- 
tion will hold good for them, allowance being made fur the lower atomic weight of sodium 

Silicate of Zinc — The hydrated silicate is found native under the name of sdicious calamme 
or zinc glass 

SILICIC ACID See Silica. 

SILICIC ETHER The researches of Ebclmen, and of Friedel and Crafts, have resulted in 
the formation of numerous compounds of silicic acid with organic radicals , amongst these wo 
Will only mention one or two of the most simple, and will confine ourselves to the ethers uf 
ordmary alcohol Tctrclhyhc silicate ((CjHjl^SiO^), a colourless liquid of ethereal odoty and 
peppery taste, specific gravity o 933 , which bods at 165“ C (329° E ) It bums with a dazzling 
white flame, difiusmg a thick smoke of eihca , water gradually decomposes it, with separation 
of gelatinous silica 

J)uthylic sdicate ((C2Hj)jSi03) is a colourless liquid heavier than water, boiling at 350® C 
(662° F ) , it IS decomposed by water Moist air causes it groduxUy to sohdify to a transparent 
mass, which 111 a montti or two bccoincs hard enough to sciatcb glass 

SILICIURETTED IIYDEOG-EN The same as Hydride of Sdicon, {qv) 

SILICON", or SILICIUM An element which forms the basis of silica It is obtained m 
the free state with great diffaculty Atomic weight 28 , Symbol Si It exists in three differ- 
ent conditions— i Anwrphou.,, as a dull brown powder, insoluble in water , 2 Gi aphiloidal, 
obtained by heating amorphous sihcon to a high temperature out of contact with air Wohler 
has obtained it by another process m crystals , 3 Crystalline, or adamantine, in which state it 
h s the form of long needle-shaped crystals, having a dark iron gray colour, and exhibiting 
iiidescence like that of u-ou glance At a temperature near the meltmg-point of cast-iron, 
Silicon melts, and may be cast m a mould , the castings have a brilliant surface, and are not 
altered by exposure to the air The pnncipal compounds of silicon are as follows Fluoride of 
atlicon (S1F4) is a gas which is formed by the action of hydro-fluonc acid on silica , it is colour- 
less, and has a specific gravity of 3 6 , it fumes strongly in the air, and is instantly decomposed 
by water into sibca and silico-fluonc acid Sihco fluoric and (SigHgFg) is the result of the action 
of water on fluondc of sihcon It is a very acid liquid, which fumes in the air and attacks 
metals, dissolving their oxides with formation of sdico fluorides The only silico-fluonde which 
need be mentioned is the potassium salt, which is remarkable for its great insolubility in water, 
one part requirmg 833 parts of cold water to dissolve it As the ammonium, lithium, and 
sodium salts are tolerably soluble, a solution of silico-fluonc acid is of considerable use m the 
laboratory as a test for potassium salts. Hydride of silicon is a colourless gas insoluble in 
water, and remarkable for being spontaneously inflammable , bubbles of it, on bemg allowed to 
rise t^ugh water, ignite at the surface with a bnlhantly luminous flame, evolving a smoke of 
mbna- Its composition IS S1H4 Oxides of silicon — Silicon forms three oxides, only one of which 
is anhydrous , this is the di-oxide or silica SiOg (which see) , the others are only known in com- 
bination with water , their names and fonnuUe are all that need be said about them . they are 
ieucone (3S1 0.2HgO) and Chryseom (Si.O 2HgO}. 

8ILICO-FLUOEIC ACID See SUuson. 

SILICON, HYDRIDE OF. See Sdxcm. 

SlLYEBi A bnlhantly white metal which was known to the uudenta. Atomic weight 
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lo8. Symbol Ag, from the Latin Arqenlum Specific gravity lo 5 It crystallises in cubeB 
It melts at a heat estimated at about 1000° F When melted it absorbs oxygen, and 
jsist before solidifying it evolves it with effervescence causing siJirting and projection of the 
metal. It is the best known conductor of clectncity and heat , its spcLific heat is o 057 , it is 
extremely malleablo and ductile, and has great tenacity , it is not oxidised at the ordinary 
temperature, and is unaffected by any atmospheric agent, except suljthur compounds which are 
sometimes jiresent It is found either in the native state, or as sulpliide or ehlondc It also 
occurs in small quantities m galena, gray copjier ore, pyrites, and other minerals, and fiequently 
in sufficient quantity to pay for extraction It is usually produced on the laige scale by fusing its 
ore with a lead compound, and then cupelling (see CupeUattoii), or by amalgamation ivith mercury. 
It IS also sometimes extracted in the wet way ns chloride and sulphate The jirmcipal com- 
pounds of silvei w hich require notice are the following — 

ChlonJe of Sili 1 r occurs native as horn '.tli cr m waxy masses, possessing a specific gravity 
of 9 4 and of a pearl gray colour when fi e^lily cut, turning brown on i xiiosure to light Ita 
composition is AgCl It is insoluble in watci, and may be formed artificially by ulding a soluble 
chloride to a ^ dutinn of nitrate of silver In this condition it dissolves easily m .uumonia, in 
hyposulphite 4 sodi, and in cyanide of potissium, but is insoluble in most other solutions It 
melts at about 260“ C (500“ F ) to a thin yellowish liquid solidify iiig^ to a horny mass It is re- 
duced to the metallic state by yine or iron in the presence of w.itei iMtshly jirecipitated 
chloride of silver is of a pure white colour, but it quickly acquires a daik giayish vmlot tint on 
exposure to light, more rapidly if free nitrate of silver is present This le.ietion forms the 
basis of several photographic processes (Sec Photoip aphij ) 

Iodide of &dtei (Agl), is occasionally found native as ludaujyritc in hexagonal crystals of a 
^Uowish gieen colour It m.ay be jnepared aitihcially by adding a soluble iodide to a solution 
of mtrate of silver , it then falls down as an insoluble pninrose-yellow preeijiitate', winch, 111 the 
presence of nitiate of silver is coloured dicp greenish gray on exposuie to light Many reduc- 
ing agents which have no action on iodide of silver Ixforo it is exjjosed to light vmU remlily 
reduce it to the metallic state if it has been exposed for a very few seconds only to daylight 
Several |)hotographie processes are based upon this reaction Iodide of silvei is insolidile in> 
water and dilute acids, and almost so in annnoni v , it dissolves in concentrated solution of iodide 
of potassium, in hyposuliihito of sodium and cyanide of potabsnmi 

Oxide of Sihei The jirineipal oxide is the 2»otiiXide (Air.O) wliuh is .a d irk brown powder 
veiy shghtly soluble m water, but sufficiently so to eoiumumeate to itai^alk.dme leactioii , it is 
easily reduced to the metallic state by substances which absorb oxygen ,^111 my substaiiecs, such 
as creosote, taking fiic when dropped iqKiii it Oxi Ic of silver is a jxnveiful base, neutralising 
acids and forming with them welldtfimd silts Tlieyare fiir the most pait insoluble <jr spar- 
ingly soluble lu water, although the niU ate, chlorate, perehloiato, fluoiide, ind some organic 
saltB are soluble The most important s dts of silver will be mentioned under the respective acids 

SILVER ASSAY See Cupellotion 

SILVERED MIRRORS A metliod of depositing a brilliant coating of metallic silver on 
glass has been devised by laebig 'J''he process is of grc.at use in jiliysieal expeiimciits, os the 
reflecting surface is on the outside of the gla-ss, and the light does not, therefoie, suffer modiflcar 
tion in passing twice through the thickness of glass Moreover the gla.s«, as it acts merely as a 
support foi the silver Rurfacc, need only bo woikcd true on the side whnh receives the silver, 
and veins and strim m its substance do not interfere This plan of silvi ring glass is largely 
used in the manufacture of specula for reflecting telescopes, as discs of glass can be jirepareil 
and worked to a parabolic surface on one side at cousitlcrably liss e\|)(m>e than would attend 
the production of mnroiB of speculum metal Many modifications of Lk hig’s original process 
have been published , the most successful appears to be the one by which Mr Riowmng pre- 
pares his reflecting glass mirrors It is given in the Chcniical Acim, vol xix p 12 
SILVER, FULMINATING Fxdmtnw Acid 

SINGING FLAMES When a small flame of hydrogen is caused to burn within a tube, a 
musical note is produced which continues so long as the flame remains ignited This fact was 
discovered by Dr Huggins in 1777 It formed the starting point of many subsequent investiga- 
tions which have finally given use to the so-called singing or musical fl.ames De Luc, Chladnl, 
Brugnatelli, Pictet, Do La Rive, Faraday, Count Sehaffgotsch, Rijke and Tyndall have all 
Worked at and more or less enriched this subject Pictet and De La Rive believed the sounds 
to be due to pulses produced by the alternate expansion and contraction of the aqueous vapour 
produced by tile cqmbustion of the hydrogen Faraday showed that this explanation was in- 
corrupt by obtaming similar notes from the flame of carbonic oxide, which yields no water on 
combustion . he went farther and proved that any combustible gan, when burning 'yitbm a tube, 
could be made to emit musical notes with more or less ease , for example, orduuipiy coal-gas 
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answers admirably Thus he abolished the restricted term “ hydrogen harmonicon,’’ by which 
these effects were hitherto known The cause of the sounds was attributed by Faraday to a 
rapid vibration of the flame produced by successive explosions of the burning gas llo show»ii 
that feeble and rapid explosion always attended the combustion of gas Ordinarily unheard, or 
heard but slightly, these feeble noises rise to the dignity of a musical note when strengthened 
by the reson vuce of the tube placed ovci the flame Hence the length of the tube determines 
the pitch of the note given by the flame In fact, we may look upon a singing flame ns similar 
to an organ 2npe The noise of tho burning gas has its an ilogue in the whistling of the air 
through the embouchure of tho organ pipe And just as the vibratmg column of air uithm the 
little singing tube reacts upon the jet of gas, causing it to vibrate in unison with itself (as may 
be proved bv a moving mirror), so, no doubt, the air within the organ pipe urges the vibration 
at the embouchure to syiiclironisc with itself, augineiitatioii of sound being the result in both ca&es 
SINCJLE MIUUOSUOPK Sec jl/icroscoyjt 

SINE COMPASS A not very appropriite name for the sine yafianoniefc) {qv) 

SINE GALVANOME'l’Ell An instrument used, but not very fretpieiitly, for measuring 
the strength of electric currents Its construction is much the same as that of the tangent gal- 
vanometer — namely, a small magnetic needle, turning in a horizontil plane, at the ct-iitrc of a 
Lirge vertical coil of pretty thick wiie , but iii the amc galvanometer, tho cod of vviie is mode 
moveable round a vertical axis, which passes through tlic immt of support of the needle To 
use the iiisti umciit, it is placed so that tho needle, when pointing to zero on a scale beneath it, 
is Ml the magnetic meridian, and the plane which contains, the coil also aj)pro\.iirntely in the 
plane of the magnetic meinhan When the current passes the needle tends to set at right 
angles to this plane, and takes a position depending upon tlie earth's directive force and tliu 
Btrength of the current The coil of wire is then turned round its vortical axis till its pla fc 
coincides with the magnetic avis of the needle When this is the case, the angle made by tho 
iiceille with the plane of the uijguctic nuiKhan is read oil, and it is easily proveable that tht' 
Btrcn<gtli of the current is proportional to the sine of this angle 

SINGLE TOUCH A technic vl term employed in jiractn d magnetiRin to denote a nrsthod 
of magnetisation It is the vciy simplest jjossible metlnui, aud consists in stroking a ‘bar to be 
magnetised always in the siine ducctioii with one pole of a powerful magnet, turnmg it over 
and stroking it again still in the same direction 
SINUOSITIl^S The rate at which a tuiinigfork or otlicr sonorous body is vibrating may 
be examined by meaii^of eombimiig the vibratoiy motion of the fork with a continuous motion 
in another direction, most advantageously at right angles to the direction of xibiation A 
fiimpLe means of illustrating this me tliod is to fablen a little pointed steel spring to one limb of 
a tuning fork, and, when it is m viliration, to drvw over tho point a sinokcil glass [date ill a 
direction perpendicular to that of vibration A wive line or sinuosity will be thereby scratched 
on the glass The amplitude of tho [lomt’s vibration will he tho distance frdni hill to valley of 
the wave line , and if the iiKition of the glass he uiiiforin, the number of hills and valleys lu the 
Binuosity Ml a given Itngtli will vary with the late of vibration — that is, the pitch of the note 
A given fork may, iii this manner, be compared with a btandord fork The two arc set up side 
by side, and, being each [irovidcd with giapLic points, and set m vibration, the blackened plate 
IS drawn across both The rate of the plate's motion is now the same in both, so that the num- 
bers of hills and v illey 3 in the same length of the two sinuosities aic in the same proportion as 
the pitches of the two notes In order to measure the absolute number of vibrations iii a given 
time, the blackened surface must either be made to move across the [loint at i uinfonn and 
known rate, or marks must be made upon the mirt<ice at uuifoim intervals of time The 
“ plionautograjih " of Konig is a contrivance in which the latter method is adopted A cylin- 
drical metal drum can be turned by a liandle on its axis, which is a screw woik ng into its sup- 
port, so that when the handle is turned, the cybndcr not only turns round but advances Hence 
when a fixed point is held against the cylinder, a spnal scratch ivill be formed, the development 
of which, on a plane, being a senes of parallel straight lines This cylinder is covered closely 
with a sheet of glazed paper, which is then blackened over a smoky flame A fragment of 
feather is fastened to the end of the fork which is being tested, and the fork is fastened m 
horizontal position, bo that the feather just touches the cylinder Side by side with the fork is 
another feather, which is m such connection with a clock having a seconds’ pendulum, that, at 
every second the feather is brought into momentary contact with the cylinder This is effected 
by making the pendulum of the clock at each oscillation complete a galvanic circuit, which 
creates an electro-magnet near the bent short arm of the lever upon which the ^cond feather is 
placed The clock bmng set going, and the fork being made to vibrate, tho handle ef the 
cylmder is tiimed The feather on the fork gives nse to a Binuoiis line, while the feather in 
connection with the dock gives a series of dots side by side with the sinuosity. Since these 
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(lota are made at intervals of a second of time, tlie imnili(.r of siimoMtics m the line Lctw een 
two dots gives the rate of vibration of the folk jjer second 

VSIPHON, 01 SYPHON In its simplest form is merely i tube open at both ends, and 
bent at on angle of about 45° C near its centre If such a tube be Idled i\ith itii, its two 
ends closed and inverted, so that one end is in a b ibiii of water, and so th it the siiif u i of w iter 
in the basin is at a higher level than the end of the tube outside, whieh may lie e died lln- longer 
limb, the water will use in the slioiter limb, pas-s the bend, and fall down the longei Iniib, so 
as to emiity the basin, nr, at all events, bring the surface of the w atei in it to the same level 
us that of the end ot the longer limb The action of the s\])Iion may he eump irid to that of a 
chain placed ovei a fixed pulley winch turns with little trieUon, the* chain being In aped at eacli 
cud on a platform If the two platfunns .ire of the s.uiio height fium the giouiid, it is char 
that the two poitions on each side of Lite ]iulley will bilitiee one aiiothei , but if one phatforiii 
13 lower th.in the other, the longer part will outweigh the shorter, iiul the elnin jiissiiig round 
the pulley will heap itself on the lower stige In tins illusti.itioii it is the tiiisioii of the chain 
w hieh keeps it from breaking In the ease of tin siphon, we have i longti eoluniii of Inpiid 
outweighing e shorten' one. The eoluinii is maintuiied eiiliie 01 coiitiiiiious by tlie ( .pi d pies- 
Bure of the an on both o]ien ends of the tube* These piessmes l)eiiig eiju.il .iiid ojiiiositu, will 
not mteifere with the inution The latter is bi ought .iboiit by a foue li|u.i 1 to the weiglit of a 
column of vvater, whose height is npial to the dilfeituee betwcLii the vertie il distanee fiom the 
surface of water 111 the basin to the top of the syphon, and the distanee fnmi the oifcii oiitei 
opening to the top of the syphon For it is ele.u, ist, that the effoit of the w iter 111 the ehoi-ter 
end, as far as the surface of the liquid iii the hasin, n neuti ihsed hy the pu ■jsiiu of tin* w iter 
in the basin , and, 2d, that the euluiiin of watei in tin* shotUr limb is louiiUi icUd by tli.it m 
jii^ equal length of the longer one Py means of a sjplioe it .s impossible to r use w itei moie 
tlian 32 feet, because if a tube of such diiiieiisions be filled witli .wnl iiisertnl into w.iti 1, tluji 
the top of the arch is nioio than that distance above the surf icc of the water, the atu osphere 
will no longer be able to biipjiort eithei column, iinl tliiy will sipii.iU* at the top Siphons 
wliieb. are used for dceaiitiug acids, spiiits, &i , are usually piovided with .1 cock iie.ii tlu end 
of the loliger limb immediately .drove which is a tube opening into the hinge 1 hiiib, iiid being 
parallel therewith, this tube is open at the top The shortei limb being ]>1 leeil ni tin liiiuiil, 
the cock IS turned off, and the air is sucked out of the aiixili.iry tube Tin .iir tlu 11 foreis the 
liquid up past the bond and down the shorter biub At tin* nioniciit it 1 1 gins to eulii the 
auxiliaiy tube the mouth is withdrawn theicfroin, ind the cock it the hottoiii of the longer 
Lmb IS opened Hy this means no Inpiid is sjniled, .uid there is no danger of Rny eiiteiuig the mouth 

SIPHON BAUOMLTEU See Huiomtbi 

SHllUS (lupws, smiilnng ) 3'lie st.vr a in the constellation Cams ijoi Siiiiis is the 
brightest star in the heavens It was described by Scine.i as lesiiuliling A 1 us 111 n dness, and 
by Ptolemy as sirailar in colour to Aiitaies, a noted led star ((/ v ) Aratiis iisis thr term 
irocsiXor, wlinh, however, aceoidiiig to the usage of tlu aiieieiits, ne d not be intiuded to ex- 
press eoluiii TIic change of colour, if established by the evideine, ih a phenominou of tho 
most remarkable eh.araeter It may bo, jiuliaps, assoei ited with the eliangi of position of this 
biilliant Btar Ituddmess is .a c oinnion eh.ir<ietenstie of stais lu.vr the Wilky .ij, and Sinus 
must have travelled several billions of mdes from the neighbouiliuod of the Milky Way suiee 
the time of Seneca 

SliiOCOO The name of a hot wind blowing from the Afnean desert aevoss Sii ily and 
South It.ily, sometimes even extending so far as the Hl.iek iiid (’.isjnan Seas Though coming 
from a rainless region, it is a moist wind when it ieaelie« Ital^, having uc<|uiied moisture from 
tho Mediterranean It causes a feeling of intense we ikiiess and depressum 

SKAT (Arabic) The star 5 of the constellation Aqiiii 11 

SKY, POLABISATION OF See I’olamalwn of Uu. bk y 

SLEPT Snow which has become half melted while 111 the act of falling 

SLIDE VALVE A contrivaqce for alternately opening and closing tlie |)ass.ig<s by mrana 
of which the steam can enter and leave the eylmder of a bteaiii engine Various forms of slide 
valve are used, but they differ one from another but little iti the priiiciple of their action The 
three ported slide lalie consists of a box with thteo apertures or poJ^s, A, B, and (J A com- 
municates with tho top of the cylinder, C with the bottom, and li with the condensing appa- 
ratus, or, in the case of high presture engines, leads into the air The lid of tins box is capable 
of sliding over it, and is hollowed on the inner side It is not large enough to cover all the 
three ports, but only two of them When the Ud is over A and B, the steam from A can pass 
from the cylinder through B, and at the same time C will be 111 eoraniumeation with the 
boiler When the slide descends, the passage of the steam through C into the cylinder will he 
cut off, and that through A opened, and, at the some tune, conununicatiun betv^een C and B 
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will be established The steam will then enter by A above the piston, and pass out by C from 
below By lengthening the foot of the sbde, the steam can be cut off from one port before it, 
IS let into the other Another form of slide valve is termed, from its shape, the I) valve 

SMALiTi A blue pigment prepared by melting together cobalt ores, potash, aml'silica so as 
to form a glass of the composition of double silicate of potassium and cobalt It is reduced to 
a minute state of division by levigation 

SMKE’S GALVANIC BATTERY is made up of cells, each of which consists of a thin 
plate of silver, covered over with finely-divided platinum, and facing it on each side a plate of 
amalgamated zinc (that is, nno coated with mercury by dipping in dilute acid and then rub tho 
surface with mercury), insulated from the platinised silver, but connected together metallically 
A binding screw is attached to the platinised silver plate, and another to the zinc plates The 
pair, thus arranged, is pLiced in dilute sulphuric acid The terminal connected ivith the silver 
plate IS positively electrified, that connected with the zinc negatively In this battery deposi- 
tion of hydrogen on the plate not acted upon by the hquid, which, when permitted, gives rise to 
diminution of the current, is pi evented mechanically The ruffled surface which is presented 
by the silver plate covered with v ery finely divided platinum has but httle adhesion for the gas, 
which therefore rises to the surface as soon as it is generated 

SNOW The frozen water which falls instead of ram when the temperature is below the 
freezing point The ultimate constituents of snow are tiny, six-pointed crystals of ice They 
assume in combination a thousand different figures, all exceedingly beautiful Scoresby, 
Glaishcr, Lowe, and others have described and figuretl about that number of varieties, though 
doubtless there are many more (Professor Tyndall has shown, further, that the ultimate par- 
ticles of ICC arc also these six pointed stars ) Tlie white colour of snow is causeci by the com- 
mingling of rays of all the piismatic colours fiom the minute snow crystals Separately, jj^e 
crystals evhibit diffeient colours 

Snow IS usually from tf n to twelve times as light as water, bulk for bulk , so that, wdicre 
snow falls jiretty evenly, the corresponding rainfall is readily determined by merely me isumg 
the depth of snow and t.aking one tenth of tho result The more accurate plan, however, is to 
thrust the open end of a cyliiidiical vesiscl into tho snow, inverting the cylinder, and then 
melting the snow m it 

Snow pi vys an important part in the economy of nature In the first place, the mere trans- 
formation of the watoi jiarticlea into icc is a process during which a large amount of heat is 
given out , so that we may regard the formation of snow aa a procet-s tending to render tho 
air currents wanner than they would otherwise be Then when the snow has fallen it serves to 
protect the ground, for, owing to its loose texture, it is a bad conductor of heat , so that, while 
cheeking the radiation of boat f i om the earth mto spac e, it docs not draw off the earth’s heat 
by conduction The ground is thus often 20° or 30° warmer than the surface of the snow above 
it, and sometimes the ihffercuce of temperature has been more than 40° 

/feti mow and t/reen snow have been met with, more commonly in Arctic regions, but also m 
other parts of the w orld I’liesc colours are caused by the presence of minute organisms — a 
r ecics of alga called Protorocev^ mialis 

SNOW-LINE The line on mount.oin slopes below which all the snow which falls in tho 
year melts during the sninmer Above the snow-line, therefore, lies the region of perjictual 
snow The altitude of the snow line depends on a variety of conditions The latitude of a 
mountain range is, of course, impoitaiit m determining the position of the snow line, but many 
other circumstances have to bo considered, as the shape and slope of the mountain, tho aspect 
of either side of the range, the character of the surrounding country, the prevalent wmds, and 
BO on (See Climate ) 

The following table, showing the observed height of the snow-line in feet above the sea level 
in different places, is taken from Buchan's excellent “ Handy Book of Meteorology ’’ — 


Place 

lat 

Height 

Place 

Lat 

Height 

SpltzberBen, 


0 

North Himalaya, 

29* N 

19,560 

Sulltelma, Sweden, 

67® 5' 

3.835 

South Himalaya, 

aS 

ij.Soo 

Kamtcliatka, West 
America, 

59 30 

5.^49 

Abyssinian Mountains, 
Purace, 


14,06s 

15.381 

U nalaachta. 

56 30 

3.510 

Nevades of Quito, 

0 

15,820 

Altai, 

SO 

7,034 

Areqnlpa, Bolivia. . 

16 fi 

17,71*^ 

• • • 

46 

8, (>85 

Faachata, Bolivia, 

18 

20 079 

Caucasus, 

Pyrenees, 

43 

11,063 

PortiUo, Chiu, 

33 

14 , 7*3 

4 » 45 

8.950 

Cordilleras, Chili, . 

42 30 

6,0 ro 

Hocky Mountains, . 

43 

11,467 

Magellan Strait, . 

S 3 30 

3,707 














SOA 


489 


SOI 




(See further Humboldt’s Fragmena Aaiafyqvea, and the Annaha de Chimie, tom xiv ) 

SOAP Combinations of the alkalies potash and soda with fatty acids’, such as olcic mar- 
gene, stearic acids, are what are usually called soaps, but the term is frequently extended to 
the fatty salts of other bases , thus oleate of lend, or load plaster, is called lead soai>, anil the 
chemist speaks of copper soap, lime soap, rmc 8a.i,p, &c Potash soaps are usually deliipicscont 
and soft, and are known commercially as soft soap, whilst soda salts of fatty •>ei<ls are hard 
solid, and permanent in the air, and are known as hard soap Soap is perfectly soluble in hot 
water, but is insoluble in a dilute solution of common salt, and this roattion is frequently made 
use of m manufactures Ordinaiy hard soap consists of a mixture of oleate, palniitate, and 
stearate of soda When mixed with water it la decomposed into an acid salt, which ]uccipitates 
as a turbidity (soap suds) and alkali, which dissolves It is partly to this alkali that the 
detergent action of common soap is due The blue, mottled appearance of some common soajis 
is duo to the presence of iron or copper soap, which agglomerates in -veins Marino soap is 
produced bj' the saponification of cocoa-nut oil Tnis is soIiiIjIo iii dilute solution of salt, and is 
therefore applicable for use with sea water Yellow soap contains rosin soap mixed with ordi- 
nary tallow soap Mr Goasage has successfully ajiphcd silicate of sodium is au idjunct to 
true soap \b this possesses consider ible detergent projierties, it is a valuable addition, as 
enables the jirice to be reduced without in^uinig the quality (Seo^atmiijitation ) 

SODA See Sodium 

SODAMMONIUM See Sodium 

SODIUM A metallic element belonging to the alkali group, and bcaniig great resem- 
blance to potassium , its compounds are very vvid ly distributed in iiiturc, the ihloiido Ixnng 
common salt In the motalhc state sodium has i bnlhaiit silvcr-whito colour, it is of a waxy 
consistency at the ordinary temperature, at 956" G (204° 1’ ) it me Its, and it i r(d heat 
vAatilihcs Specific giavity, 098 Atoimc weight, 23 Symbol, Na (from iVn/uKin ) When 
dropped upon water, it decomposes it with ovointion of hydrogen, but the tciiipei aturc generally 
close not nso to the point of ignition 'The following aie the most import iiit eonqiouiids of 
sodiujn — 

Sodrt, hydrated or'do of sodium, or hydrate of sodium CNa-jO H^D), known also ns caustic 
soda, 18 a white opaque mass melting below rcslness, md solidifying to .a fibrous cikt, having a 
specific gravity of 20 It is deliquescent in the air, and rapidly ahsoibs tarbonu ami, its 
solution IS of a highly alkahiio and caustic chunter, elosi ly resembling a soli ti on of pot- 
ash It IS now piepared in enormous ipuntities, and is used m iiuuy minufac tilling opera- 
tions 

Cldoride of Sodium (NaCl), known also ns cximmoii salt, sea salt, rock salt, &c This very 
widely distributed substance is in the pure state a compound of the metal sodium with chlnrine , 
it ciyst.illises 111 colourless transp.irent cuIh's, which possess a specific gnvity of 2 5 At a red 
heat chloride of «odium melts, and volatilises at a little higher tempcratuic It dissolves 
111 about three parts of water at any temperature, it is msoluble 111 alcohol, md in strong 
hydrochloric acid The other comiioimds of sodium which reipiijc notice arc dc'si nbc d under 
the headings of the acids Professor Seely (6V« mu at Ncii s, Novi iiiber 4, 1870) aniioiiiii 1 s that 
anhydrous liquid ammonia dissolves metallic bodmm, the liquid preseiilmg nil the ]ihyHical 
characteristics of a true solution On evapor vtion the sodium is giadiially restored to tho 
metallic state, in the same continuous m inner m whu h the solution has been effectcil Tho 
colour of the solution is a very intense blue, and its high tincton d power is urged as an argu- 
ment in favour of the idea that the metal is in siinplo solution Weyl (Poyy Atm cxxi 697) 
formerly prepared the same compound by condensing dry gaseous aiiimonia by ]ii-essiiie and 
cold on sodium, and considered it to be sodammonmm NII,Xa l’rofeK^o^ Set ly, however, 
without adducing any arguments in support of his assertion, says that Weyl mistook the nature 
of this product 

SOILS, CHEMISTRY OR The general principles of vegetable nutrition are explained else- 
where (See Vegetable Nutrition) Asoilconsistsof amixtureof mintralaubstaTiCtsresiiUingfrom 
the decay of rocks through atmospheric or other influences, and org inic matter resulting from 
the decay of vegetable matter To these must be added those mineral and org mic materials 
which are added m the form of manure That part of the surface which has been turned over 
hy the plough or spade, and has become mixed with dcctayed vegetable matter, is called the soil 
proper, whilst the underneath portion, consisting chiefly of disintegrated rock, is called the 
aub~aotl The mineral constituents of the Vegetable pro derived entirely from the soil, and the 
organic matter .which it contains supplies carbonic acid and ammonia, these being also largely 
cont^buted by the' atmosphere Soils vary greatly in tneir mineral constituents, and as the 
mineral ingredients of the plant also vaiy considerably, it frequ,.ntly happens that a particular 
mineral substance, which -the plant requires for its growth, la not present in tho soil , this must 
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then either be supplied artificially in tlio form of manure, or some other plant more fitted to 
the available constituent of the soil must be cultivated thereon It is not necessary that a sub- , 
stance should be soluble for it to be absorbed by the roots of a plant, although .ibsorption Js ’ 
much easiei when the salts arc iii solution Salts, such as nitrate of ammonia, d.c , brought 
down by ram, or scattered artificially over the surface, are not, os might be supposed, vi ashed 
away by ram and lost in the drainage (except to some extent on very stiff clay or loose sand), 
but the Soil has the jiower of absorbing the soluble constituents presented to it, and retaining 
them in a form readily assimilable by the loots It may he taken for granted that good soils 
contain more than suflicieiit iniucial ingredients for the jiroper development of any jilant, but 
when a plant is grown on it year after year without artifacial manure, the available amount of 
some constituent may became exhausted If now the soil be allowed to be fallow it becomes 
disintegrated by the action of heat, cold, and moisture, the locks arc acted upon by the carbonic 
acid bi ought down by the ram, and chemical changes take place which result in the libeiation 
of a fresh supjily of iiiiucral nounshincnt Hence the philosophy of sub soil ploughing, winch 
brings unexhausted mineral matter to the surface, and of allowing the land to he fallow 
periodically, by which means chemical disintegration of the rock mass is effected l!ut by a 
judicious ‘.\htcin of rotation of crops the necessity of fallow may be avoided, as after a run upon 
one miner il ingredient a crop may be grown which retjuiios excess of some other ingrcibcnt of 
which the first cl op has not removed much, and so on, until, m tho course of three or four years, 
a new siip])ly of mineral matter will have been drawn fiom the almost unlimited stores of the 
soil, i-eaily to be presented again to crop numlier one « hen it comes round in rotation 

S30LAN0 The name of a south cast wmd blowing over Spam It is hot ami dusty, caus- 
ing great uneasinccg aid a sense of irritation, inaomueh that the Spaniard has a saying, “Ask 
no favour duimg the Solano ” . 

SOLAll ECLTjfSE See Z’cfipse 'f 

SOLAR MICROSCOPE Tins is very similar in construction to the mm/ic lavtcrv nud 
mcejmeope , sunlight lefleeted from a mmui oi kdwslal, and concentrated by a converging lens 
being used as the illuniinating agent Owing to the luge amount of light available.wheii 
sunlight IS used the lenses in the sol u microscujie are in ule of shorter focus than those ui the 
mo /if lanfanor mr</as<nfn, so as to produce greater magnifying power 

SO fjAR SPECTRUM fiee J^KUinhoJe/'s Lines j Spectium,, Spectrum Analysis 
SOLAR SPEC I’RUM, NORMAL Heo Noimal Solai Spttlium 

SOLAR 'rELhiSCOPli In observations on the solar disc it is desirable to employ an object 
glass of as 1 ugc a di uflbtcr as ptissible But the objection to this has always been that such an 
immense amount of heat is concentrated at tho focus, that the dark glasses which should pioteet 
the obsciver aic frequently shatti red to pieces, to the greit iisk of the eyesight A paitul 
remedy for this evil is effected by diiriinislang the aperture of the object-glass, but the dehnition 
in this ease is very inferior Eoue lult has devised an ingenious method foi close observation of 
the solar disc (L'Institut, iS66, pp 281, 313 ) Having noticed that no heat and very little 
light 13 tr insmitted through the thin bright coating on glass which has been silvered by Liebig 8 
I iocess (see (S'l/iirtif j1/f) joi), he coated the outer surface of the object-glass of a reliaetuig 
tele’&copc with such silveiing, and found as be expected that all heat rays were reflected, as also 
the gi eatci pai t of tho light, so as to permit only a pale bluish violet to pass through Lev emer 
has lepoited most favourably as to the results obtained by a nine-inch refractor (equatoiial) 
No heat could be felt m the vciy focus of the object glass directed towards the sun, thus ficeing 
all Bolar observations fiom a very great cause of error Furthermore, only the ultra-red rays 
are rcaUy absorbed , all otheis are, us the prismatic sppotnim shows, only diminished in inten- 
sity so as to give a steady and pure image of the sun, showing all details of outline and colour 
with excellent definition, and permitting the use of a magnifying power of 300 It is evident 
that an object glass so silvered is rendered useless for ordinary astronomical work Instead, 
therefore, of silvering tho object-glass, a sheet of plate glass with paiullel sides is silvered, and 
this IS placed m front of the object glass of the telescope when solar observations are desired. 
(See Telescope ) 

SOLAll SYSTEM The system of bodies of which the sun is the ruling centre It includes 
the Sun, Planets, Asteroids, Satellites, Comets, Meteors (see Meteors, Luminous}, and Meteor 
Systems The different theories Ptolemaic, Tyelionic, Copermcan, Keplerian, and Newtonian, ac- 
cording to which the motions of the various members of the solar system have been regarded, 
will be found under their several beads We propose here to consider briefly the general rela- 
tions presented by the solar system ^ . 

From bemg looked upon as a system consisting of seven separate orbs, the solar systeijj has 
come in our day to be regarded as a scheme whose constitution is of the moat complex and 
diversified character Besides the sun and the four minor planets which circulate nearest to 
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huu we see tlic four major planets travelling along va"!! or’ iits, bcparatPil by ilistm'’p'i fai cveeed- 
the diameter of the scheme of minor pLmeta Between the schemes of tin. in ijoi ,iud minor 
pi'ifiietH we see the zone of asteroids, whose memliers are doiihtless to be coiiidid in n dity by 
thousands Then, dejiendent on the pluicts, we sea the satclliti s,— one only of tluse si K.ndajy 
orbs being found inthiii the scheme of minor planets, but around the majoi jil on I', in ‘^y'.tcms 
of satellitea foiniing miniatures of the solai scheme itself Aroiuul Saturn again (uclcs that 
Tioiiderful scheme of rings, including myiiids of tiny sitellitcs iiivohedm a s ijiuioiis atmos- 
phere Then we recognise families of comets atteiithngoii the smi , not, indeed, th.it \ i ij many 
such comets h.ivc been discovered, but lieeaiise the liws of prob ibility tea li ns tliat for c ich chs- 
coveied snn-attcnding comet multitudes of otheis must lemain imdetei ted Wi lecogiiise the 
eiostence of myriads of meteor-systems, .and here, again, it is not that nijiinls h.ive been 
actually discovered, hut that the Iivvs of pioh.ihility fuxe us to believe thit for c.uh meteor- 
^stom of the hundred passed through by the eaith tluno must In* thous.mils vihieli aho 
does not .ijijiroach And fin illy, seeing th it when the sun is tot illy o< lijisud the re bla/i s sud- 
denly into view a glorious < rown of r idi itmg light, .and u membeiiiig th.it i veil when lie is only 
hidden fiorn i, n by the i.irth a globe the outskiits of tins gloiy .iie seen in the /ndi ii tl light, 
wo ore led 1 1 ’ -cllev 0 that ill the sun's innncdiite lu igbbonihood llase iiuteniic mil eoiiietie 
systems an densely cioivdid, even if there be not iui\e<l up with them utliei foinis of matter 
as yet not deiily disieriicd by ns 

Such IS f'c sul.u system as jirex nted to us by motlem .istionoinv'^ K leli yi ar thi economy 
of this wondioua selieme becomis iiioie ilcarlv iiiideiatooLl, .and e.uli disioveiy jin suits iiioie 
strikingly before u» the aiiigulai loinjilcoaty of stun tiiio ind tin iin i/ingly i>\iibi i mt vitality 
.of th.vt scheme which is second only to the sidereil system itself among the oiili is of created 
olnccts piusLuted to the conteiiiplation of m.inkiiid 

KOLlilXC'lD A heliv of wno lu.ide use of ineleetiie ilevpeninents (Ki e /•/riho-D'innmm ) 
It IS coustiuotedby Winding atont eoppi t vvircniKiu a eonvenieiit ly Innlei of wood or p isti hoard, 
vvhiah 18 then withdrawn from tho hehv formed the ends of tin wiie aie thin tniin d in .o as 
to pajs l^loiig the .ixis of tho helix to the imddle, wh' ii they aie bioiight out hi tweui two of 
the tuiJis and ran be' vtUichi d to the teiiiun.ds of a bilteiy in iriy tiijniied wiy The dilhrent 
jiarts of tho helix ire insuUte'd from i ich othei either by using (oviiiil win, oi, vvhieli is pie- 
ferible, by using atilf wire and bending it so that tho p.irts miy not be in t outlet 

SOLlJlll'TO k'L'ION is the p issage of bodies fioui the li([iii(lto tin solid st itr The pioec>-s 
la the revel so of that known as fusion It is .aeeoinp imed liy evohilion of heat and in geneial 
by change of volume Two jumeipal laws govi rn the pin iionieiion • 

(i ) A’dt/t whslance solidijia at a Jijttd teiiijieiatute if the pudMic upon it be idtcuyi the same, 
that temperatui (• n the teiiija/ataie af/rciKm fm the liodi/ 

(2 ) J'lom the toiiiincruuiieut to the dose o;f thejirou'^s the Umpiratuie of the lirpnd iriimiiis at 
this fixed point • •*“ 

The influence of piessuie uiioii the temperature of soliiiilic itioii is referred to under a separate 
heading {her^ivi/ J^oint, Jujlucnre oi Pnsiure on) I’rofessoi .Tunis Thomson sliovved that 
when bodits wbich expand on Bolidifyuig, as lee does, are wubjeited to juessuie, the ficezing 
point IS lowered, while the application of pressure raises tin point of solid ihi.itmn of bodies 
which eontiaet on assiumng the solid condition Under ceitam i iieumst.iiucs it is possible to 
cause a departure from the first law If watei be depiived of air by boiling, and Ix' peimittcd 
to cool unitei a Liyei of oil so as to prevent its absorbing more an, it m ly, if ki pt jic rfet tly still, 
be reduced to a temperature m,any degrees below its freezing point , on enelosing it .ilso m fine 
capillary tubes M Uespretz lowereel its tempi ratuie to — zo“ C before it holidilied In tho 
first case, however, on causing solidification to Lake place, which may be done by gi ntly disturb- 
ing the water or by dropping in a small spicule of ice, a quantity of lee is suddiiily formed 
Bufficient by Ihb heat that it gives out to raise the temperatuie of the wlmle lujnid lo the ordi- 
nary freo/ing point, and sohdifu .ation then goes on steadily and gradually if the vvatei be con- 
nected with some ariangcment for removing heat from it 

The term solidification is sometimes, though not geiieially, applied to cases in which bodies 
are precipitated or ctystallese from solutions 

The reader will find some further remarks on this and the kiiidicd subjects under .fuision, 
Liqufjicatimi . Latmt Heat, lleijelation, &c 

SOLIDS, SPECTRA OF INCANDESCENT With perhaps one exception (that of tho 
rare earth Erbia), incandescent solids give a spectrum which is continuous from one end to tho 
other Such spectra are classed by Mr Huggins as of the first order (See Spectra of the First 
Ordei^ Spectrum , 'Spectrum Analysts ) 

SOLSTICE {Solstitium ) The points where tho aim reaches his greatest distance from tho 
celestial equator are called the solstices, tho summer solstice being tho point of tliA sun’s path 
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farthest to the north of the equator, the mntcr sohUre the point farthest to the south When 
the sun is at the former point it is midsummer, when he is at the latter it is midwinter _ 
SOLUTION When a hqiud adheres to a solid with sufficient force to overcome 
cohesion the solid is said to undergo solution, or to he dissolved Thus water dissolves salt , 
spirits of wine, resm , mercury, silver or lead, and so on By diminishing cohesion in the solid, 
as by reducing it to powder, solution is facilitated m consequence of the larger extent of surface 
exposed to the action of the solvent Itcat also, by diminishing cohesion, favours solution 
The first portions of solid added to the liqmd may disappear quickly, but as fresh portions are 
added solution goes on more and more slowly until it ceases altogether In such case the forces 
of adhesion and cohesion balance each other, and the liquid is said to be saturated The best 
method of ivatclung solution is to suspend the solid m a muslin hag, or in a perforated vessel at 
the top of a column of water, when dense saccharine looking streams will descend, at first 
rapidly, and then more and more slowly, until saturation is attained During the cooling of a 
boiling saturated solution these sacchanne looking streams may he seen long before a sohd crust 
forms on the surface 

Vaiious solids dissolve in the same liquid at very different rates Banc sulphate may bo 
said to bo insoluble , calcic sulphate requires 700 parts of water for solution , pot.issic sulphate 
16 , mignesic sulphate When water is situratuil with one salt it will dissolve other salts 
without increase of hulk fjomc curious dec ills 011 this subject are given m the Chemical Ncus, 
July 29, 1S70 

It sometimes happens that the addition of a second solid wnll displace the first, already in 
solution Tins happens where the adhesion bi'twccn the liijuid and the solid is weak , thus 
Prussian blue is dissoh ( d by distilled water acidulated with o\ ilic acid , but it is thrown dow n, 
on the addition of a solution of common salt, or of sodic sulphate 

It does not always hapiicn that be it mere isos the solvent powers of a liquid Lime is more 
soluble in cold water thin in hot, so that cold w iter ,.aturated wnth lime becomes turbid if 
heated Ho also a compound of lime and sugar, soluble in cold watri, is sejiarated from boWtion 
if heated to boiling Oeitain silts also att uu a maximum of solubility long before tb ^liquid 
reaches the boiling iioiiit Sodic* sulphite, for example, is most soluble at about 33" tJ (92“ 1 ') 
than at higher teinpeiatures Sudic seleniatc aud ferrous sulphate are furtlic'r examples of this 
curious point Graham long ago pointed out thit he it duainishes the force of adhesion as 
well as tint of cohesion, the latter being m geneia! moio rajudly dimimslud by licit than the 
former force Hence in these exceptional cisea the adhesion of the water dccreising in a 
greater ratio tlian tlica cohesion of the salt in ly account for the peculiarity in cjueistioii But, 
on the other hand, common salt his sensibly the same solubility at all tcniperatuies, between 0“ 
and 100“ t’ , whereas most salts, siieh is potissie iiitrite, inerease considerably 111 solubility 09 
the tenipciatiirc rises to the boiling point It would bo a eurious ami iiite'restmg inqimy, «19 
Professor Sullivan suggests, to endeavour to determine the condition of 'salts 111 solution at 
temper,atui OS very much aliove the boiling point of w iter Boracic acid, for example, is volatile 
in the v apour of water , hciicc, it docs not follow th it salts would be iireeipitated when ■’vatei 
ader tne iiifluenee of a high temperature assumed the gaseous state , but the salme iiiolc' uks 
might still remain attached to the gase’ous molecules 

Solutions diflei from chemical coinpoumls in ret.iinmg the properties both of the solvent and 
of the solve’nd , thus, camphorated spmt retains the properties both of eanqihor and of spint , 
but the properties of the chemicil compound wati 1, foi example, have nothing in common with 
the properties of its constituent gases IMoreover, solution is accompanied by a lowering of 
temperature , but where a definite chemical compound is formed, as when water aud lime arc 
brought together, heat is ev olvcd 

We have no very intimate knowledge as to the condition of compound bodies in solution In 
the case of hydrated salts it is probable that the water of ciystalhsation quits the saline mole- 
cules, and that the salt exists m solution m the anhydrous foim This is highly probable in 
the case of sodic sulphate, which crystallises with ten atoms of water, as Mi Toiiihuson has 
diown in a paper contained in the Phil Tians for 1S68, and also in more mmute detail in the 
Chemical News for the 3d and loth December 1869 
But the law of solubility up to the temperature of boibng water is scartcly known except in 
the ease of a very few salts The elaborate inquiries that have been made on solutions refer 
more chiefly to other parts of physics than to solubility, such as the influence of salts on the 
boiling point, or the diffusion, or the capillaiity, or the latent solution heat, or the atomic 
volume of salme solutions There are many |iomts conneeteil with solution that require luvesti 
gallon, but the inquiry is tedious and ditticul*-, m order to secure correct results cajj^ble of 
graphic CO ordination, (See Supersaturation ) 

SOUBBESAUT. A term applied by the Frci ch to the inconvenient and even dangerous 
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phenomena of Oumpiny or jumping ebuUiCion (See Ebullition ) Tlio term la from the Spanish 
aofm, upon, and the French ««««, a jump or leap , thus the French speak of “ les bonbresantB 
lain cheval,” “les aoubresauts d’une voiture ” 

SOUND {Sonus, a sound ) Strictly speaking sound is an effect upon the hi iin, conveyed 
by the auditory nerve It is generally considered to include the conditions of tlu an which 
through the intervention of the ear alfect the brain As a science it may bo di finccl as the 
theory of vibrations in ponderable matter {Stoc Amplitude of Vibration, BuiU , L'hladm’s 
pvjures. Colours of Tones. Gamut, Graphic lleprisintation of V ibi ahons , futufi i cute of 
Sound, Kalertdophone , Loudness oj Sound, Nodes and Segntents , Pitch, Propugatum of 
Sound, Ri'ftedwn of Sound, Itefioction oj Sound, Resonance , Syren, Velocity of Sound, 
Vibration (Transicrsal) of an Elastic Rod , Vilnation of a Stictchcd Stnng , H’ctte Lcuoth ) 
SOUND FICtUKES See Chladnis Fifmes 
SOURCES OF HEAT See Jleat, Soinces of 
SOURCES OF LIGHT, Lujht, Souicesof 

SPARK, ELECTRIC One of the forms m which accumulated electricity discharges itself 
It consists of the uahing together of jiO'>itivc and negative elcctiicity across a non conducting 
medium with 'Valient comiiiuliuii uid displacement of the intervening particles The pheno* 
mena most commonly presented by the sp irk through air, when no special precaution-. .11 c taken, 
arc a bright light, gicat heat, a sharp ciack or icpurt, and, if many spuks irc isissed m suc> 
cession, an odour of ozone When propei airaiigements are m.ule, the phciioniiii i iccoinpany- 
ing the spaik are ^e^y varied They depend ou the amount of electiieity dissehaigi d , on the 
way in whieh it is aceiimulated , on the surfaces between whieh the diseliaige t ikes place, and 
on the medium through which it passes The sparks obtained from the conductoi of an electnc 
machine are, under certain circumstances, very beautiful I’lioy arc best obsiiveil by means of 
a Winter’s plate luaelune, to the conductor of which is attached the large wooden iing — the 
peduliaiity 01 tins form of machine (See EUUnc Aladanc ) They should be i uised to pass 
between a small knob (l in in diametci) and a surface very much larger tluin this At a dis- 
tane'li^f an inch or so, and with the machine m good oider, a torrent of thick blight sparks 
appe.Jl* }o flow with a loud crackling noise, and if they be received on the knncklis, a sharp 
sting at the spot, with contraction of the muscles of the wiist, and, in sensitive peoph, even of 
the arm The apparent thickness of the line of light is due to the optical phciiumcuon known 
B,H irradiation When the dist inco between the surfaces is lueieased, tlio fiei)uenty of the 
sparks and their brilliancy is diiiiinislicd , but if they be examined in the d.aik, tiny jnesent a 
must be lutiful appearance Spniigiiig from a thick root at the suific^ of tho ]iositive con- 
ductor, the spaik loaclies out crookedly towards the other burfaee, having a gcnei il .ippearnnco 
of one crooked sUni furnished with ou shoots The colour i>f it is leddish violet or purple in 
air With a good machine, and the best po-.siblc iiisulaliou — foi this is esseiiti il — line sparks 
may be obtained fourteen niches oi even more 111 length , when the distanco is incieased too 
much, the dibehargeXli3n assumes the form of the briiili Tho spark obtiiined from a Leyden 
jar or batteiy is never of any great length, though from the ipiantity of elcctncity in uniulated, 
its effects arc very powerful I5y moans of a good batt< ry of Leyden jars, the power of tho 
spark in ppaising thiough even sohJ matter, and lu couijilctely breaking down tlie line of par- 
ticles m its way, is easily shown If the rhschaigc be passed thiougli several sheets of thick 
paper, the paper 18 rent about the place where it has iiasBcd, and pi i scuts the aiipeaianco of 
being blown out from the middle at both sides of the piper, and not tliat which is pioduccd by 
publung a sobd through from one side to the other The spaik m ly also be made to penetrate 
a thick plate of glass on causing it to pass between two points, one of which is brought down 
upon the glass, and has around it a diop of ohve oil If the points be made to dip at no great 
distance from each other under the surface of water, the water is projected with great violence 
m all directions , and if this be done within a tightly closed Hask, it will be broken to pieces by 
tho commotion produced in the water The heating effects arc slioun by means of Xiniicrsley’s 
thermometer, which consists of a large upright glass tube into which knobs project at the top 
and bottom through air-tight fittings , from the bottom of the tube projects hon/ontally a 
smaller glass tube, which then turns up vertically, and is open at the toji The larger tube is 
partially filled with water, which, however, docs not rise to the level of the space where the 
discharge takes place, and which stands at the same height in the smaller tube When the 
spark IB passed, the heat expands the air inclosed in the upper part of tho principal tube, 
depresses the level of the water m it, and drives it up m the smaller tube The instrument also 
shows the powerful repulsive force exerted at the passage of the sjiark , for, at the instant oE 
discharge, the wtitei; is suddenly driven outwards to a much greater extent that that which ia 
due tas the heat generated, and immediately falls back again to a level which depends upon the 
temperature. The heat of the spark is also shown in the igmtion of a mixture of oxygen and 
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hydrogen When the spark is passed through gunpowder, the passage of the electncity is so 
very rapid that the powder is not inflamed, but merely scattered about , but if the rate of dis< 
chiwge 18 diminished by introducing into some part of the circuit a wet string instead of havinj^ 
a complete metallic circuit, the powder is readily fiied The chemical effects of the spark m the 
production of ozone and nitric acid during its passage through air are described under JSlfctio- 
ClmnuUry The electric spark, and all the other forms of disruptive discharge, were carefully 
examined by Faraday Expennental Jtcaeardies, vol i , or the TtamacUms oj the 

Jtoyed Society Idee also Sir W Snow Hams on the same subject, PhiL Trani , 1834 ) 

BFARK, DTJKATIOIf OF ELECTRIC Wheatstone has shown, by means of his chrono- 
SGOjie, that, under certain circumstances, the passage of the electric spark occupies a sensiblo 
time The method of experimenting is described under Chronoscope and LhcUidty, Velocity 
qf On causing the spark from the machine, or fiom a Leyden jar discharged in the ordinary 
way, to i)ass in front of the revolving mirror, the image appeared a mere point the same, in 
fact, as if the mirroi had been at rest , but when the ilischarge took place through lulf-a mile 
of copper wire it was not so I’hc image was then lengthened out into a lire of light, owing 
to the angular displacement which the mirror had taken during the tune of passage, and the 
persistence of the image on the retina , and by knowing the velocity of rotation of the mirror, 
and measuring the apparent length of the lino of light, he estimated that, under these ciicum- 
stances, the spaik lasted ulTfTjth of a second It will be seen from what we liavc waul here, and 
from our ai tide on the velocity of electricity, that tho duration of tho spark depends upon the 
circumstances uniler which the (hscliarge takes place 
SPARK, GALVANIC When the terminals of a galvanic battery are brought very near 
to each othci, a spiik is observable It is best seen just before they touch, when they are 
gradually brought nearer to each other , and when they are again separated, a second spaik is 
perceived The spaik, on separating, is much stronger than that on putting the wires in con- 
tact, owing to the fact that, on making contact, there is a current induced m the wire opixjs*to 
to the principal cunent, while, on breaking contact, an induced current, conspiring with the cur- 
rent from the battciy, is set up e 

The distance across which a spark under ordinary circumstances will pass is eY5''Isively 
amall, not j'stli of an inch, according to Sir W Thomson, for Sexxj cells of Darnell’s battery 
Gassiot, with a water battery of 3500 cell'., obtamed a passage of electricity over an air space of 
^’jth of vn inch, which continued uninterruptedly for many weeks 
SPATHIC IRON ORB See Iron Or-a 

SPECIFIC GRAVITY Specific’ grivity is the number expressing the ratio between the 
weight of any volume of a substance and the weight of an equal volume of some standard sub- 
stance In the case of solids and liquids the standard substance is water , in the case of gases 
and vapours, it is usually hydrogen, sometimes atmospheric air It is clear that, whatever 
ratio may cxiiit between a given volume of a substance and tho same volume of water, must 
also exist between «ny volume of the substance and the same volume ’ 0^ water Thus, if a 
cubic inch of mercury weighs thirteen tunes as much as a cubic mch of water, a cubic foot of 
jercury weighs thirteen tunes as much as a cubic foot of water Accordingly, specifac gravity 
concerns substance or material, while absolute weight concerns individual masses of water 
Various motliovls are employed for finding the specific gravity of gases and vapours Tho 
specific gxavity of most licjuids and solids is easily found in several ways The specihc gravity 
of liquids IS iiiobt accurately determined as follows — A little flask, holding about an ounce, is 
provided with an accurately fatting stopper, through the centre of which is a capillary upenmg 
This flask is weighed when empty It is then filled with distilled water, and tho stopper is in- 
serted, so that the excess of liquid is forced through the capillary opening of the stopjier The 
excess of water being removed from the outside, the flask full of water is weighed The differ- 
ence between the second weighing and the first is, of couTPe, the weight of water which the fla'-k 
holds Tlie flask is now thoroughly dried and filled with the liquid whose specific gravity lias 
to be found, in the same manner as it was filled with water The difference between the third 
weighing and the first is, of course, the weight of the liquid which tho flask holds It is clear 
that the volume of the water and liquid are exactly the same We have found, therefore, the 
weights of equal volumes of the hqnid and of water Divide the first by the second, and the 
specific giavity is obtamed The specific gravities of very small quantities of many liquids may 
frequently he determined with great precision by a method suggested and employed by tho 
author of this article For liquids which ore insoluble in and not acted on by water, and which 
are heavier than water, a single drop of the hquid is placed m water, and a saturated solution 
of chloride of calcium is added, until the drop is in a state of mdifferenk ec^librium The 
specific gravity of the solution of chloride of calcium is then ascertained m the manner fvbovo 
described, and is, of course identical with that of the liqmd. For hqmds soluble in water, a 
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nixture of ether and bisulphide of carbon may often be employed, to which one or other consti- 
tuent IS added, until the liquid is in equilibrium By this means the specihc giavity of a quan- 
tity of liquid not larger than a pea can be determined with perfect accuracy 
The specific gravity of liquids can also bo measured with great rapidity and with sufficient 
iccuracy for many purposes by m ikmg use of the principle of Archimedes (See Di'^pliiicment 
y Liquids ) Thus, if a cylindncal rod of wood floats vertically in water in such a ni mnti that 
“xactly half its length is immersed, we know that the weight of the column of wood is equal to 
die weight of a column half as long of water If the stick be then floated m oil, it w ill be found 
a) sink deeper, say two thirds of its length It follows, the weight of the same \oliiinc of wood 
vs before is equal to the weight of two thirds of the volume of oil Accordingly, half a volume 
j£ water has the same weight as two thirds of the same volume of oil, or 


Therefore the volume of water weighs \ is much as the same volume of oil, and, accordingly, 
the specific gravity of the oil is ^ oi o 75 

The various forms of hydroinctci, ireoineter, lactometer, i^c , depend upon this principle 
They usually consist of a copper or glass bulb carrying above' i cylmiliir il gi nlu.itcd tube, and 
loaded below ’Mth shot or mercuij, so that they float iipnght 'I’hosc which, like the hydio- 
metcr, aie used for determining the spt'cifac gravity of liquids lighter than watci, such as spmts 
of wine, lum, &c , have the 7 eio jiciint maiked close above the Inilb it the root of tlio stem 
This IS the point to which the instrument sinks when placed m pure water 
Placed m puie alcohol the iiisirunicnt sinks deeper (nearly to the top of thr stem), liccauso 
more of the latter llc[uid must he displaced befoic the weight of the displ.icod licpiid is equal to 
the weight of the hydiomcter Taking pure water on the' one hind, and pmc alcohol on the 
other, making mixtures of 99 vols of alcohol to i of water, 98 of ilcohol to 2 of vv.itcr, mil so 
on , and, hii illy, 2 vols of alcohol to 98 of water, i viJ of akoliol to 99 of vvatci, ind placing 
the hydioinetcr m each of these in succession, it sinks in succession less and less dii ply 'The 
point I to which it sinks are marked on the stem, so that, when placed 111 an alcoholic mixture 
)f unk gnvn strength, the percentage of ilcohol can be determined hy reading olf the point on 
a lev cl with the liquid surface I'or liquids which are heivior than water, sueh as Kulphiinc 
fteiil, inilk, &c , the' zeio marked at the top of the stein, and the distance at winch the hydio* 
meter floats out of the watei shows the peicciitoge of the heavier constituiut 111 the j'livtuic 
The most accurate way of dctennimng the compaiatiic densities 01 specific gravities of 
liquids, w Inch IS specially applicable for the ineasiiremont of the dinmuitiun of dinsity winch 
Iniuids undeigo on being heated, is to Connect two vertnal tubus by a^ipiJlaiy tnbo at tho 
bottom, and to jilacc tho two liquids, whose specihc gravities arc to be coinpaieil, ("ay w.atir and 
ether) one in each tube Since, wlicli there is cipiilibiniui, tho jircssnro on iitliii side of any 
plane drawn through the connecting tube must be the same, it follows tli it a slioiti 1 colimiu of 
the heavier liquid wSi keep in equihbniini a longer colunm of the lighter one, anil that, con- 
sequently, the height at which the two liquids stand in the two vertical tubes, uuasnrcd fiom 
the capillary connecting tube, are inversely as the rclaiivo densities or Kjiucihc gravitns of the 
liquids The heights are measured by a “kitliitorocter ” or Ulcscopo, sliding on a griiluatcd 
upright rod The specific gravities of liquids winch mix < an be eonqiared by the same means, 
provided that the two arc separated bv a little plug of mercury in the capillaiy 
Various methods are used for ineasunng the spccifae giavitics of Bohil sulistinics, dcpeniling 
upon the nature of the substances — that is, whether they are soluble in water, heavier or 
lighter than water, in the foim of a powder, &c — 

I Let the body be a solid substaiice, not sohihlo in and heavier than water A loop of 
human hair (which has very nearly the s uue sjiccifae gr ivity as wati r) is hung from tin bottom 
uf one sca'e of a balance and counterpoised A fragment of tlic solid uiiilir cxaiinnation la 
lung fiom the bair and weighed I his gives the aituil weight* It is thin hniig in water so 
^8 to be entirely submerged, and again vveighi d Hince (sec lh'i[ihiceiiicj)l) it is now pushed up 
hy a force equal to the weight of the water it displaces, the loss it uiiiUrgocs m weight whin m 
he water — that is, the first weight minus the second is the weight of tin vvatei ilisplitcd — 
hat is, the weig'ht of a volume of water equal to that of the imnieiseil soliil Accordingly tho 
iveight of the body divided by the weight it loses m vi itei is its sptcihe gravity Thus if — 

A body weighs 740 grams in air, 

and C52 gianis in water, 

* Veiy nearly, but* nob Quite, because a body In air 1 ? pressed up with a forco equal to the weipht of air It 
displaceiv To got the true weight, we bhoulu have to ^il to its obborvetl weight the weight of an equal 
Wiumo ^ air 
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the weight of a volume of water equal in volume to the solid is 740 — 652 — ^that is, 88 grains 
Therefore its smcific gravity is or 8 40 

2 If the body be soluble in or attacked chemically by water, some liquid is selected in which 

the sobd is unacted on Thus, if the substance be sugar wc may employ oil, or turpentine or 
ether, &c. Thus let— ’ 

A body weigh 163 grams in air, 
and 104 grams m oil, 

wa deduce that the weight of oil, whose volume is equal to that of the substance, is 59 grams 
What will be the weight of the same volume of water '{ Suppose the spccibc gravity of the oil 
determined by the method given above, be found to be 75, this shows that the weight of any 
volume of oil is to that of the same volume of water as 75 is to I Accordingly the weight of 
water, havmg a volume equal to the volume of the 57 grams of oil, is grains, or 78 6 grains 
Finally, therefore, the specific gravity of the substance, which is the weight of a volume of it 
divided by the weight of an equal volume of water, is ~ or 2 06 

3 If the substance be not acted on by water, but be in so fine a state of division as to pre- 

vent Its being hung from the scale pan, its specific gravity may be taken by means of the 
specific graiity fiask, above desenbed, as follows — Weigh the flask empty Put some of the 
powder in and weigh again Deduct the first weight from the second, and wc get the weight 
of powder taken Pill up the flask with water (the powder remaining in), and weigh again 
Deduct from this weight the weight of the flask and the powder together, and we get the 
weight of the water required to fill up the flask when the powder is m it Einjity out the pow- 
der and water, fill u^i with water and weigh, deduct the weight of the flask, aud wc get the 
weight of the water which fills the flask Deduct from this weight the weight of the water 
which fills the flask when the powder is present, and we get the weight of the water displaced 
by the powder — that is, the weight of a volume of watei equal to the volume of powder 
Divide tlic wciglit of the powder by this weight, aud the specific gravity of tlic iiowdcr is 
obtained. j 

4 If the substance be a powder soluble in water, methods 2 and 3 are combined I’Jiw is, a 
liquid IS selected without action on the powdei and the weight of a volume of liquid equal m 
volume to the powder is found as in 3 Then, from the specific giavity of the liquid the weight 
of an equal volume of water is found as in 2 Whence the specific gravity is niimediatoly do 
duced In detemiiiung the specific gravity of iiowdcrs according to 3 or 4, care must be toltea 
to free them perfectly from air Tins is dune by boiling them in tlie liqmd w'lth winch they 
are in contact, or if tffis cannot be done, by placing them for some tunc m vacuo when under 
the liquid 

5 If the substance be a solid lighter than water, sueh as a fat or w^ax, the following method 
isemplojcd The substance is weighed lu air, let it weigh lOO giaiiis A piece of lead n 
fastened to it sufficiently heavy to sink it, say 10 gi ains The two togc'SiKr in air weigh, of 
course, 1 10 grains Let the two be weighed together in water and weigh 4 grains Then 110-4 
or 106 grains is the weight of the vvatei they ibsplace togi tlier The weight of watei wLiih 
the lead displaces is at once found fiom its B^ieeific gravity, which is 1 1 3 The weight of water 
displaced by the lead is jll or 88 Therefore the weight displaced by the substance is 
106 - 88 or 105 22 Consequently the specific gravity of the substance is 01 o 91 

SPECIFIC GRAVITY OF SOLIDS, LIQUIDS, GASES, AND VAPOURS 

SrECiiic Ghavity of Solids at 39 2° F (4' C ) Water at 39 2° F = i 000 


Agate, 
Alabaster, 
Alumimum, 
Alum, 
Amber, 
Anthracite, 
Antimony, . 
Arsenicum, 
Basalt, . 
Bismuth, . 
Brass, . 

Bronze, . 

Cadmium, . 
Cal^mme^ . 



3400 


Calcium, 

Celestine, 


c 

1 578 
3950 

Charcoal from — 



Beech, 

Birch, 

• 

0 518 


• 

0364 


Osk, 

■ 

I 570 

Chromium, 


• 

6810 

Coal, . 

• 

• 

I 330 

Cobalt, . 

• 

• 

8950 

Coke, , 

• 

• 

I 865 

Copper, . 

• 

• 

8950 

Cor^, 

• ^ 

1 

2 680 

Iliainond, , 

• 

• 

350s 

Dulomitev . 


• 

2800 
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Emerald, 2 700 

Emery, 3 950 

Felspar, . 2 450 

Flmt, 2 600 

Fluorspar, , 3 200 

Galena, 7 58a 

Garnet, 4 100 

Glass (Flint), 3 330 

Glucinum, . 2 too 

Gneiss, 2 650 

Gold, 19340 

Granite, 2 700 

Graphite, 2 300 

Gun Aletal, 8 460 

Gypsum, 2 330 

Heavy Spar, 4 430 

Hombli nde, 2 950 

Hypcrstliene, 3 380 

lee, o 920 

Iceland Spar, 2 720 

Indium, 7 363 

Iodine, 4 950 

Intlium, 2 1 1 50 

Iron— Cast, 7 210 

MaUeaLlo, 7 840 

Ivorj , I 920 

Jasper, 2 800 

Lead, n 360 

Lime, 3 180 

Litlmim, o 593 

Mnyiiesmm, 1 743 

Malachite, 3 500 

Manganese, «oi3 

Marble (I’anan), 2 840 

Mispickel, 6 120 

Molybdenum, 8 620 

Nickel, 8 820 

Obsidian, ^ j 2 300 


Specipio Gravitt op Liquids 


Opal, . , 2 250 

Osmium, 21 400 

Palladium, 1 1 300 

Pearls, 2 750 

Phosphorus, 1 830 

Platinum, 2 1 5 50 

Porcelain (Chinese), 2 3S0 

Porphjry, 2 700 

Potassium, O 865 

Pyntes (Iron), . 5 000 

Qu irtz, . . 2 650 

Khodmm, ... 12 100 

Iluhidiuni, I 520 

Eiiby (Oriental), 4 280 

lluthenium, 1 1 400 

Sapphire, , 3 990 

Selenium, . 4 788 

Serpentino, 2 470 

Silver, 10 530 

Sivdmin, . o 973 

Steatite, 2 80a 

Steel, . 7 Sio 

Strontiinn, . . 2 540 

Siilpbur, . 2 050 

'rolluniim, 6 650 

Thallium, 1 1 810 

'I'm, 7 293 

Titanium, 5 30x1 

Tojiaz, 3 jbo 

Tuni'hten, 1 7 600 

’Urniiiimi, . 18 400 

Wood- 

Ash, o 845 

Pouch, * 0853 

Elm, o 800 

Coik, o 240 

Zinc, 7 146 

Zircon, 4 300 


Water at 39 2° F = i 000 


79 

if 

9t 

93 


Acid, Aceuc, 

Hydrochloric (Liquid), 

„ (Solution), 

Nitnc (at 1 5° C ), 

Sulphiiiic, 

Nordhaiiscn, 

Alcohol, Absolute (at 0° C ), 

Amyl, 

Butyl, 

Ethyl, 

Mothyl, 

„ Proijyl, „ 

Aldehyde (Acetic) (at o" O ), . 
Ainmoma (Solution), 

„ (Liquid), 

Beei, ... 1 033 

BcnrM <^CflH,,), 

Bisulphide of Carbon, 

Bromme (at 0“ ), 

Chloride (Tri-), of Phosphorus (at 0“ C 
Chlonfie of Sulphur (SjClj), , 

Creosote, .... 

Cyanogen (Liquid), 


I 063 
1 270 
1 210 
I 517 

I 848 
I 860 
o 815 
0827 
0803 
0815 
0817 
o 817 
0800 
0875 
0730 
to I 034 

0 850 

1 272 
3 

I 616 

I C 80 
1 057 
0866 


E&scntial Oil of JhU<. t Almonds 

1049 

,, Cmii iinoii. 

I 030 

,, Spiiii'a, 

I I 7 J 

„ Till pen tme. 

. 0864 

Ether, Acetic, 

0 8yo 

„ Hjdrochlonc, 

0921 

„ Kitiic, 

. I 112 

„ Oxalic, 

. 1 092 

„ Sulphuric, 

I 120 

Mercaptan (at 0" C ), 

Mercuiy (.it o' C ), 

Milk (Cow), 

0835 

13596 

I 030 

Naphtha (Uectified Coal), 

0 8G0 to 0 900 

Oil Almond (at i S'' C ), 

„ Castor, 

„ CVxlliier, 

0 918 

. 0969 

. 0928 

„ Iniiseed (at 12° C ), . 

0939 

„ Olivo, . . 

0918 

Tnr (Coal), 

I 120 to I 150 

Water, lyiatilleJ, 

I 000 

„ Ham, 

. 1 001 

,, Sea, ... 

* 1 026 

Wine, . . . . . 

0 990 to I 038 


2 I 
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SrKcinc Gravity of Gasi's at 39 2“ ]<’ (4“ C ), Evromftt r=29 9 Inchf‘3 = 76o RtiLLi'ifETnF'! 


Air, 

Air=i ono 

. 1 000 

H =i 0 
1440 

Hydrochlono Atid, 

Air=i 000 

1 2|7 

n =fy,‘ 

1825 

Ammonia, 

. 0 589 

8 50 

Hydrogen 

0009 

1 00 

Carbome Acid, 

I 529 

22 80 

Nitric Oxide, 

> 039 

1500 

„ Oxido, 

. 0 9O7 

1400 

Nitrous Oxide, 

1 527 

22 00 

Carburetted Hydrogeu- 

- 


Nitrogen, 

0971 

1400 

He ivy, 

0978 

1400 

Oxygen, 

1 103 

1600 

Eight, 

0 557 

800 

Phosgene, 

36S0 

49 50 

Chlorine, 

2470 

3550 

Phosphiiietted Hydrogen, 

1 185 

1700 

Coal-Gas, about 

0500 


Sulphuretted „ 

1 I9I 

1700 

Cyanogen, 

I 806 

2600 

Sulphurous Acid, 

2247 

3300 

Uydiolluuiac Acid, 

Alcohol, Ethyl, 

. 0 689 10 00 1 

Specific Guvvity op Vapours 

Air=i 000 ]! =1 0 

. 1613 2300 Ether, Acetic, , 

Air=i 000 

3067 

11=10 

4400 

„ Methyl, . 

i 120 

1600 

„ Oxalit, 

5087 
lion, 8 157 

7300 
iiS so 

Arsenic, . 

. 10 600 

15000 

Faiailny’s Chloiiilo of Carl 

Ilenrol, 

2 770 

3900 

Hydrocyanic Acid, 

0947 

1350 

liisulpludo of C,arhon, 

2 644 

3800 

Tixlme, . 

8 716 

127 00 

Bromine, 

Comphot (Common}, 

5540 

So 00 

Rfi II ury, 

C976 

100 00 

5314 

76 00 

Pliosphoiais, 

4420 

6200 

Duteli Liquid, 

3 45 ° 

49 so 

Steam, 

Sulphur (above 1000° 0 ), 

0622 

9 00 

Ebsciice of Cumin, 

„ Tuipcntine, 

S210 

7100 

2 230 

3200 

. 4 7 <JO 

08 00 




SPECJTPTG inCAT Wlicn lic-it is commumoitcd to a siib^-tTnco it performs various fiine 
tioivi , foi a poition <if the absoilud hcvfc is consniiiod in expanding tlio snbstinpo against tlie 
extuii vl iLsist nice of the itiiiosplu u ot oLliei snnoniuling inednim IKo?/ of n 

of MttlUi ) , i seeond poitioii is eoiisnmed in cxpiiiiling the suljst.inpc that is, imipasnig the dis- 
tinop 111 t\w 1 n its mohciih's, igniist the intern ilri'sistaiiie duo to the ittiaction ofthi inoliiali i 
(Intuiial Wo)l of a ifoi'i of fhUlu) , while the leminiing poition of the lieat inert i^i’s tl'i 
teinpti xtiiie of the sulist iiiei , or, is ne eommonly say, heats it Tims somi of the .ibsoilul 
heat disip]ieirs as he it ind Ix'comes iiioleeulsi potintnl ent'rgy (whith see), whih the 11 t n 
inams is he it RYhi 11 the aulistanee whnh Jias Jieiii lu.ited is alloncd to cool to its oiigni 1 
teinjiei itiue the irioliudai poti nti il eneisry iiidiieed hy the addition.of J'e it ng vin In lonn =1 
bcnsilile lieat Now it is i putt ohv ions tint as tin inoleeiiles which comjinse dittt nnt kinds of 
luattei Mi> greatly 111 weight iTidnitlie mtiiisity of tluii atti.utinn for each otliei, th» fniintity 
of lu it leipnsito to 1 use eipiil weights of ihtfi nnt substances through tin same tempeiitnie 
will ilso \aiy gii atly To expiess this, fiMiic, i pupil of J>i lllack of Eilmbiirgli, pioposid 
the turn Inot, mIikIiwis rejilaccel m 1784 by Gadolin, by the tciin sptiiju liiat, 

now in gineial use Vut/nila (ttixinhj is a tenn oielsioiially used for tlie simc piiriiose 

The sj>tulic hi it of i substain i iii ly lie di lined is the quantity of heat iiecee^aiy to 1 use a 
certain weight (siy llb ) tin oiigli 1“ of teiiqieratnre (t'entigi.ade or Fahienhcit, usiidly the 
fomiei), in ti mis of the hrat nccessaiy to i aisc an eipi il w eight of icc cold w itir 1“ 111 teiiqier i- 
turc Mjieeilii heat is tin refoii nnasuied in henf uiiit% and iindir tins head we have iiiontioiiLd 
the laiioiis units employed The inoicssis wliieli ue used foi detci mining apecifac he its haie 
been dcseiilttd under the lu idnigf Ctilm irnttn/ 

It IS eiidint, from the aboie i< m 11 ks, that the actual temperature of a substance, as shown 
by a tliei inometer, dois not tiaih iiidu iti the ainniiiit of heat which it has absorbed in icipuiiiig 
that t< inpeiature, because the amount expeiidtil in inteiioi and exterior work is unknown If 
xve t ike i number of small iiutil spbcies of the sum si /e hut of different met ils, and iftci 
heating them m hot oil to yneiisely the s,iinc tempi latiiic (about 190“ 0 ) place thim siiriulti- 
noously on i cike of bees-vva\ about h ilf- in mih thuk, we shall observe tint the effi f t tin y 
prodiiee 1 iries gieatly Suiiposiiig them to bciesputiiely iron, tin, and bismuth, wo shall fu d 
that the iron sphere possesses hi it i iioiigli to milt its way tliiough the u ix, while the In 
scareely sinks li ilf-w^ ly into the t .ikc, mil the bismuth in ikes but little impression ^1 his an«e-i 
from the faet that the specihc heat of iron is high, while that of bismuth is low, and of tm inter 
mediate , that is to siy, m cooling thiough agiien range of temper, itnre, iron gives oiiP more 
heat than tic, and tui than bismuth , and eomersely, in being heated through a given range of 
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temperature., iroTi absorbs most boat, an equal weight of tin less heat, and an equal weight o 
bismuth htill less boat than the tin 

' The following table shows some of the results obtained by M Ilcgnaiilt, by ini ms of the 
method of coolmg (Sec (7«foj imel} y ) 

TaULE of SpECII'IC lit its ACCOHDING TO M KeGNAUIT 


Name of Substance Name of Substance *^llcat° 


Aectic iciil. 

0 

All ohol, 

0 0402 

Aluiiimiuiit, 

0 -r43 

Animal cliarco il, 

0 -(X*J 

Antiniiiiiy, 

0 ' 1 1 *3 

Arsenic, 

ot'i)r4 

Arscnious mil. 

0 I 73 

llisiiiiitb. 

0 o'i»S 

JlOlOll, 

0 - 

Urmiiiiie, 

0 1 r>o 

C iiliniiiiii, 

0 (>V 7 

Carbini 

0 2411 

I’lsl mm. 

0 

I'lnrcfial, 


( oil lib. 

0 m(i7 

t'Okl!, 

0 o <‘'3 

Coppci 

0 «'>sr 

IJeiinoiiii, 

0 i4«/S 

DuteU ti 41 >, 

0 iiu3 

CfoIiI 

oo» 4 

Graphite, 

0 .^oiS 

Torlino, 

0 

Iruliuiuj 

0 ‘ 

frrin. 

0 

belli, 

oo?rf 

Lilliium, 

0 |n8 

J[ai,'iiesinm, 

0 2409 

M iftiiesi i, 


Mansaneso, 

0 1.C7 


M( rciiry, 

Miilvbiliiiutii, 

Niiktl, o 

,, carbuicltcd, 011C3 

O'tlliuilll ao.{Li 

I*ilI«Iiiim, 00-), 

IVtrolciim, o 411 4 

I’liosiilioms, o 111 >7 

„ amorphous, oj7r>j 

riatmiitii, on r) 

isMiim, o i(i(i6 

IMkhIiiuiI, 

Sclciiiiiui, iM, ,7 

Silicmm, ' 77 t 

Silver 

Soiluim, ,),4 

StuI tcmpercil, 
bulpli’ir, 11 it I VI , 

„ im Hi linearly ''months, 1 03 

„ reetiUly nitlled, i ( 

Tolluuum, >17). 

Th-Uimii, 1 (, 

'I 111, ),(!' 

'liiiiBstvn, j,-)4 

1 iirpi ntiim, 

I I nil mil, 

W ilcr, 

/me, 

/ireunia. 


Tt Avill bi notu ed that w.iti r pdsstsses i biglin sjKiifu In it tli.iii til it of my sub'>t'iiice 111 
the 1 ibl«. till. iiMiiinlliit Llfcct of tills ii]iou tlio iliunte of isl mds is dis<ii->Mil iNiwIiiii 
Cm t ( / ll( I Ilf, oil CfniKilr) lliM'iouipin tin* spi ( ifu In it ( f m ili i with th.it of 
some of the iin t lb* W(, s( i itoiuitlio gic it ililli icin 1 bi Iwn n Ihi in In tin < >s of nniiiiry, 
for install Of, tin tilih gives us o 0355 ,as itsspmfn In it, vvliili tliitofwitii ii 1 (XiSo, hi in o 
the speuhe heat of vv iti I is (l 0080 — o 03’, 3) 30 27 tnno'. gu alt 1 tli in tli it of iin k my In, 

other w<ii (Is, ,x giv 1 n weight 'f wilii iii|nnis thiity tnin ■■ tin. iiinnnit nf In it to nisi its 
teinpei itiiiL. through i ei it iin iiuiiiIh 1 of di _,n is, tli it .111 i i|ii il \vi iglit of nn ti iny k (|nm s to 
laise it Ihtoiigli the s line luiui'ioi of ill gii i s , and tin iiviisi of tins ohn clsmI y taki pIno, i 
given weight of w itir ni eooliiig tlnnngh, s ly oiu digit i , givi s out tlinfy tnin s is iinnli lit it 
as thi smie vvi ight of men niy m I ooling tlnoiigh one d( grec Tf ivi nii'i i iiouiid of iinrtury 
atioo'f' with I piinn 1 of waur it o’ (' , tin ttinpir iliiu of tin n sultin ;]m\lmi willlio about 
3’ The iiRicuiy has lost 97 , wlnli tin. w.itoi Ins gimidieily 3', Innn olivionsly tin poninl 
of watii rnpnris iiioii thin 30 timin is imith hi it is the jioiiinl of nn uiiry to 1 iisi it tliioiigh 
the same r uige of ttinperatuM Thi tibb also shows \i 1 y < h nly wh^, 111 tin i \ji( iiini nt with 
the Lake of wi\, niiiitioiiLd ibove, the uuii sphere iiiLltid its w ly thioiigli the wav, while the 
tin and bismuth did not fill through 

The spei ilu heat of solids vanes at differi lit tempi ratlins, and it is gieatirat a high tempr’a- 
tiire than .it ri low one , thus the me in speeihe In at of non bi tv>n n o .mil 100 (' isoitiijS, 
while betw Li n o” and 300’ C it is O 121S In tin i ise of jil itiiiimi tin iniri isi is min h sni.ilb r 
M J’oiiillit li IS found the mean specihe heat of jil itiniim lietwi 1 11 o’ iinl 100 (i to bo o 0335 , 
between o itnl 500’ f’ , it is 00351S, and belwieii O and lOOO'C it is 00372S 

The density of snbscinces has consider iblc mlliicncc on tin ir spei ifie In it , as a gi lural rule 
the fipeiitie Inat diiiimislies as till di ii'ity nn 11 ises, iinl nic irtyi, by rifirinii to the iboim 
table It will Ije seen th it m the c.ise of the thr. e eonditions of caibon, the leist denso 
(charcoal) has a *i])eeihc he it of 02415 the spicihc heat of the more dense (giaphite) is 
0 2(^8 , while that of the most dmsc (diamond) is o igGS b<ow, inasmuch is the spceific 
heat of a tubstance increases aa ita density la diminished , and as an increase of tempera- 
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ture produces a diminutioa of density by expansion (becauso as th.o molecules are moved 
farther apart by the motion of heat, the same number of molecules occupy a greater spaced, 
it IS probable that the mcreaso of specific heat duo to nsc of temperature is to be traced to the 
diminution of density consequent upon expansion The specific heat of a liquid is generally 
greater than that of the same substance in the solid form M Person has made numerous 
experiments on this subject {Annalea de Chinue et de Physique, tome xxi , xxiv , xxvu ), and the 
foUowmg table embodies some of hia results — 


Noma of Substance 

Fiulng point 

Specific Heat 

In the liquid 
condition 

In tho solid 
couditiuu 

"Water, 

oooC 

I 0000 

0 $040 

Clilondc of calcium, 

aS 5 

0 sssii 

0 14 $0 

P]ii>^]iliorua, . 

44 * 

0 2 U 45 

0 1788 

Sulphur, 

115 0 

0 2340 

0 2026 

Tin, 

232 7 

0 06 ■?7 

0 0562 

Bismuth, 

266 8 

0 ojfi ) 

0 0308 

b itratc of soda. 

3x0 b 

0 41 JO 

0 2782 

Cadmium, 

3 -fo 7 

0 0642 

0 051)7 

Lead 

326 -i 

0 0402 

0 f>ii4 

Nitrate of Potash, 

3^90 

0 JJIiJ 

0 2388 


The specific heat of liquids incroasea mth the tcmiicratiiro of the liquid, and at a greater 
than in the case of solids , thus the moan spcoihchoatuf iv iter botutui o“ and 40 "0 is 1 c»T3 , 
between 0“ and 120“ 0 l 0x167 > between 0° and 200° (J I 0160, according to the dcturminatioiis 
of M Ecgnault 

Wo cornu now to the specific heat of ga«es, and it is .at onco obvious that the conditions are 
changed For, while the he xt a<hled to solids and liquids cxjiands them of necessity under i 
constant pressure, (since by no availdile means tan the expansion of solids and Inpuds bo 
restrained), m the eases of gasi s it is jiossible to tonfmc them within a given volume dunng 
heating 'lliey may thus be boated uudei a constant piessuro, and pcnnitteil to expand like' 
Bohds and liquids when simil iily heated , or they may bo eonfaned within a certain volume, 
and thus heated under a constant volume, m whiih case the picssure ujmn the sides of the 
containing vessel xviU Increase as the heat iiicieases When a gas expiuils under a constant 
pressure, it will obviously perform a large .amount of cvtcnor woik, and by reference to the 
article on the Mcclianieal h'quiudeiil af Jhat, it xvill be seen thxt ]\Iaycr’s detornimation of this 
equivalent is based on tho 1 elation ship between the amount of heat neioss.uy to r.aise the 
tempi rature of a gas under a constant pressure, to tbatiequired to raise tho gas through 
the s.ime number of degroos under a const xiit xolumo. tlie excess of heat in tho one ease bemg 
consumed m the peifoimaucc of mechanical work The sjieeifcc heat of gases and vapours is 
consupiently greater under a constant jiressuie , that is, when they are peimittcd to oxjiand, 
and thus to jarform exterior work, than under a constant volume The follomng table shows 
the ratio of the speeihc heat of x anous gases under a coustiint pressure to their specific heat 
under a coustant volimie, aceordmg to the determinations of Euloug — 


Namo of Gas 

Under n constant 
voluiiio 

Uador a constant 
pressure 

Atmospheric air. 

1 421 

X 00 

Oxjgon, 

I 41s 

z 00 

Hydrogen, 

I 407 

z 00 

Carbonic acid. 

I 339 

X 17 

Carbonic oxide. 

1 428 

z 00 

Nitrous oxide. 

I 343 

1 16 

Olefiant gas. 

X 240 

I 53 


Eegnault has found that tho specific heat of a given weight of a perfect gas, (that is, a gas 
which IS far from its point of hquef.action), does not vary with the density 6r pressure (T^ the 
gas, and it hence results that the specific heat of a given volume vanes as its density Equal 
volumes of petfect gases, and of soma compound gases, formed without condensation, possess 
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equal specific hcat'i , but in all eases relating to the specific heat of gisis, those which are 
condensible <lo not follow the laws which apply to perfect or practically pn feet gases The 
lollowing are some of the results obt lined by llcgnault — 

^SrECXiio TIeits op Garfs and VAPonna undeb a Const vnt Presstjub 


Name of Oaa or Vapour 


Air 

0 \i ^'eti, 

Nil n, 

Jlidroifcn, 

( Idiiiiim, 

1 ji(irj]Liic a ipour Ilf, 
(‘ulllllUC OMllc, 

A lllllKMll i, 

Al Lrsh f, i"!, 

Siil]iluiiiiu3 acul, 

AV (ti r. Vapour of, 

I 11 " r, V ipoui of 
tliloroform, Vipimref, 
Acetone, V (.|)uiu of, 

111 11 mil , A ipour of, 

'J urpciitinc. A’' iponr of. 


Specific Heats 


1 cjinl lolumes 

Fqiial weights 

0 217 '; 

0 

0 

0 217^ 

0 -ji s 


0 ^1^9 

J l<- 

0 -0(14 

0 1 no 

0 {0|0 

0 0S15 

0 7 

0 

0 ,.o.j6 

0 Slit 

0 1277 

0 f) 

0 vPt 

0 1 -sal. 

0 'p ) 

0 ,S<.5 

1 f 6 

0 r 7 'l 7 

0 

11 rj(i7 

0 

0 II ■; 

1 0114. 

0 

= J770 

0 51 1)1 


The common \olnmem the first cnlnmn may be talcen as that occupied by a pound weiolit 
ot air, the (niiiriioii W( i^ht <is oiii ponml, iiid the unit <is thi spetilii heat of oiio pound of 
wat*i , now It IS obvious from Iho t ible that oneponud of ,iu e\isting iiiidei a coiistiiit pii ssure 
will require an auiou'it of heat to raise it <>nc dcgiw- in tiiupervtuie equal to o 2^75 of tint 
which the pound of water will i( i|uir(j , or, in othii winds, the quantity of lu itiuussiiy to 
raibe one pound ot wiler out d(>j,r< o in tinquiatuie wouldi.iise i.l)imt4 2 lbs of ,111 oiu de^iei 
Jf we take into it count the ii 1 itiio densities of w titer and air, we hud tliat i giMii volnnii of 
water reipiireb the s ime amount of heat to raise it tlnmigh i givi n tun^i ratuio, is J2J4 tnms 
its volume of all would requiie to raibu it tluougli the same timpirature under i eunstant 
pressure 

AVe liivo mentioned abme that a Mibstame generally poRscsscs a higher sjiccifli hi.it 111 the 
liquid th III 111 tlie».“ ilKlfonu , now lu the giseous umdition the speiilu lu it is igaiii lowircil, 
and la less than it was 111 the liquid condition Thus the s]ifcdi( lu it of w iti 1 is double that 
of ice, aiidr.athci inme thui doiilile tint of btetiju , the speeitie heat of broiiune 1SO0S33 is a 
bohd , o 1060 as a liquid , ind o 05155 as a u is , again, the ■>])! eihe lieat of tlliei is o 5-yo, and 
of ether a apour o 4797 (See ilbo ^.Ifuwie //tu( , Viihnniieh i) ) 

SPECIFUC INJJU'CTiVE CAPACITY Sec Vajpatili/, t^pcrijio Inductile, and Induc- 
tion^ Slcch » i>tali( 

SPECIFIC IIKFEAOTIVE ENEIUIY Hce Jiifractnc Unni/if, fijicn/ir 
SPECIFIC lltyj’ATOIiy I’CWEJl A term used m eomieetiou witli the circular polarisa- 
tion of lodits It expresstb the angle of rotation which a coiiimii of a subdauce of Htandard 
length and density imparts to a irtieiilar lay of indansi d light 

bPEClFIC 'J’HFRMAL IlJiSlS'l’ANCE See Condmhon of ITint 

SPECTACLES (Sjxctaiulim, fiom s/jrem, to look it ) Leiists to fi\ in'fmnt of the eyes for 
the purpose of letiilenng vision more distimt Ijong sighted cjts iifpiiri convex, lenacs, whilat 
ahort-Rightcd eyes require concave lenses These aie usually of equal eurvaturea on eaeh aide 
(See Eye, Lon/f-vylitcdness and Sliortrsif/liteduiss , Lenses ) 

SPECTRA, ELTNSEJM’S UETHOI) OF MAPPING See Mappinrj Epecira, Bunsen’s 
Method of 

SPECTRA, DIFFRACTION. Difiartwn Spectra. 

SPECTRA, METAl.LIC See Coloured Flames 
SPECTRA OF COMETS Hce Cometai ij Spich a 
SPECTRA OF METEORS See Meteoric Sjicctra 
SPECTRA Of .NERU LAil See Nelular fifmcli a 

SPECTRA OF THE FIRST ORDER Thia term la employed by Plucker to diatinguiah 
the spectra of gases at a comparatively low temperature from thoao given at higher tempera< 
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tuios (See Nlijorjen, Spectrum of) Mr Hugjpns used tlua term to express a continuous 
Bpectmm 

SPECTRA OP THE SECOND ORDER 1 ‘luckei desi^niatcs by tins a foini of (t.isoous 
spectrum which is apparent when n. Iiit;h teiiiiiciatuicis cinplojeel (See Ntlnrjin, Speth tmi uj ) 
Mr Hu!iiifins uses Ibis tcim foi the vpeetiinn of bii^lit hues j'ulu by an iiicuuUsn iiL uis 
SPECTRA Oil’ THE THIRD ORDER A teiiii employed by Mi iluygins to di^LmguisU 
a speetinm in 'which daiL htiti .uo \isi1ile 

SPECTROSCOPE {Spidntm, ahovtu), to \ieu ) An mstmment for formnig aiid e \ imm- 
mg the spectium It consists of two Ulcseo])is, oidmuily of from ten to twenty iinlus foeus, 
ail iiigod on 1 stindwith the tivo object glisses f leiiig e uh othei 'I'he lyejmii' of one is 
rciiioied, and in its pi ite is i ii iirow slit foinied of two sti u^ht edges of mi t.il, .uljiistilile with 
herews so as to allow i lino of light of any desued width to eiitei the instninient If tho two 
ttleseojiLs ue iiowpl iced in .1 hill , tho slit being ilhiiiini iteil, uiobsiivei it tin cm pure of Liu 
other telescojio will see i iii ignificd image of tins sht in the foiin of a biilli int line of light 
Now, let i gl I'S jinsm he Jiliccd in the mstnimeiit belwi en the two telcsiojii s nid ht tin 
ohsoiniig telescope he turned lound so as to bung it into the p.ith of tlie i ly of light whii h h is 
hern delleeted by the jnism, .liid Mippose the slit is ilhinnn ited with lioiiio^ein oils ]i,ht — tint 
from i soda 11 line, foi instanei — the ohseiiel will still set iii tin teleseo]n aii iiii ige of the sht 
as simply defined as hefoie, fciiici the jmsm lies only d<ihtl<d the i ly fioin its iimrse, but can 
e\Clt no dispeisive action on it bee luse the li_,ht is hoinogiueoiis Now, while i vii>llmig 
remains us hefoie, let a II ainr eolouied with th lllluin, is well is soiiinm, hi jilued in flont of 
till sht. 111 this ( iseweh.aie two ri^s of light jnssnig llnoiigh the jnisiii, one hoinogeneims 
■yellow, as hefoie, foiming a ji'llow imige of the slit, and inothei hoinoge in mis yn i n fioiii tin 
th illium, foiiiniig i gum iinige Eiit tliesi two eolmiis liui dilliunt lefi iiigihihtiea two 
imagi s of tho slit will the lefoii he sun side bysidi,iiiii linght yellow ind llii other hnglit 
gircn, thel lUi rheiugnun^ lefi V ti il flomthcoilglu ildii eetloii of the h ,ht th in the lullowiin igi' 
Letns iiowintiinliiee illiiiil siihstinei into the fiiuii,M/, litliiiiiii 'Ihiswill e nil t homogeneous 
red light, and eoiistipu ntly in the oh'nxing teli seojie i lod imago of the sht will hi si i n hy the 
eiilo of tile othei two, uiel not so murh lefi leted is dtliii of tliim 11 , thirefoie, the i)h-iii\ti 
places at one end of the iiistiumeiit i spn it I iiuji, m tin 11 iiiK of which aie eonipininds of tin 
tile' till cc met ils, litliiiiiii, sodium, and th illiuin, aid looKs thimigh the eyi piece it the othii 
end, he will see thiee colonied an igts of the sht, m, in othi i woul», three eolouied hiieii — leel, 
■yellow, gii in — sepai ited by i definite iiiteixal This ippi uinci is called the spi i ti inn of tin 
light, and tlie instinmi^t is t dli d x siiortioseojic Tii this ili si i iption the piiiieipli i ither tluu 
the dot Ills of eonsti iirtion liive horn gum , these v.uy witli xliiiost iweiy iiiaLu Ihe inisnis 
aie ineie iseil in nuiiihei from two or thiee uji to fifteen oi twenty , tiny an iitlni of the 
oidinary tii ingnlir sli.ipo, oi aio U) coustineted as to give dispiisiou without lefi ii tioii (See 
PliSlii, Dintt Pt'fini ) The sht is fniiiishul M ith elebe ite sn mv atIjustliielfLs, uni fieipieiitly 
.llsowith a reflecting lirislii, so is to git two spuetl i in thi field of vie W at the s in ic time, 
wliiKt the obseiviiig telescope is caused to move along the gi nluated aie of i eiuh furnished 
nth verniers, ,uiil a nileiometci is frequently lltleln d to the eye piece The whole ij enelnseel 
60 as to jiievent extraneous light fiom iiiterfeimg xvitli the delicacy of the ohbeintions 'Hie 
objeat gl iss of the telebeope to wliidi the sht is ittiehed is cilled the Killimtitni'j fens 
A't the Jiueipool meeting of the Riatish Assoii ition, held m Siptemhei 1S70, IMi 1) iStowning 
bronifht foiwaid an impioved mstxaimmt whuh ho i ills 111 Aiitomatie Spi e tioseojie It is prei 
videil with a hatteiy of six equilateral jinsiiis, their bases being linked togetln i by tbeir comers, 
anil tbo whole chain being tlieii bent round so as to foim a eiiele xvitli the ijaces outwaids 
To the centre of each base 18 a projecting 1 vli d lod having i slot in it xvhieh passes ovei a fixed 
centre jnii common to ill 2 ’lie fiist piibm of the ti iin is a ftxtnie, and the other prisms lie 
all enabled to niox c m proportion to then ehstiiiee fimn the hiit Thus, if the second prism 
moxea tluongh an aic of i“, the thud will move 2”, the fouith 3°, the fifth 4", wdnlst tho sixth 
will moxc through aii aic of 5“ All these movements take place bimultaneously upon moving 
the obse'rving telescope, and the amount of motion of each jnism and of the tole-cope is so 
arranged that the pi isms are automatic xlly adjusteel to tin iiiiiiiiiium iiigle of deviation for the 
ray undci examination On removing the cye-pieccfiom the obseivmg telescope and looking in 
at the object glass, the whole field is found to be filled with the light of the colour of that 
portion of the spectrum which the observer wishes to examine , whilst in a Bjiectroseope of the 
usual constnvetiou, at the extreme ends of the spectium just where the light is most rcepureil 
only a lens-shaped line of light would be found m the field of view Ovvmg to this, more of the 
red Mid violet ends of the spectrum can be seen than m an ordmary siieetroscope, and 
lines, which are generally so difficult to see, come out in a very distinct manner (ott 
• Spectrum ) * 
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SPECTEOSCOPE, STELLAR See Stellat Spcfti oacnpc 

SPECTRUM (S/tect) im, an image ) When a ray of white light falls upon a prism it is rcfractcil, 
aad at the same time dispcrseil, its component colours beiiiy spic id out, foimmg tin tiiim 
of the light Ey passing the light, m the hist place, tin oiigli a very nan ow slit (fiom the 
j-J-^th to the n/uuth of an inch wide), and then Ictlmg it passthrough sciii il pii-ius iiid kiises 
(bce siiectium may be obtained of a high degiee of purity — tint is, the dif- 

ferent eolouied miagCE. of the slit aie airangeJ side by -side ill the order of then lefi iii^ibihty 
without o\erlappuig each other, even in some eases showing blank spices between tin m Sir 
Isaac Newton, who fiiat observed the prismatic decomposition of light, considered the spectrum 
to be divided into seven colouis — icrl, orange, yellow, gu'cii, blue, nuliLjo, and vioh t, hut no 
sharp line of distinction can be obscivcd between any of tliese colours, as they sh ide into one 
anotliLi thiough iiihmtc yiadatioiis When gie it accuracy is leipiired in speahiiig of any par- 
tieulai put of tin speetiuni, it should be refeiled to one of tin welldi Imcil luu > in the solar 
speetiuin, L 1 one of tlie blight lines 01 vbsoiption bands of aihhei il spi eti i, to the number on 
Kircbbofl’s s( a’e (see lloseoe s .Syatfl iiw Anithfiit, page iSo, A.e ), 01 to soiiii iniiiii in >1 slaiidard, 
taking the distmcc between two well deliiied lines a-, too, 01 the letualn ive h iigth of the light 
miybegi.en {Ull Aliu) jilwn LiiUi> of vm ^ Aham ption,i<jiiitiit , Aimo'^phn n /nii'iofl/ir 
l>ipui> mil Aiimia I'omih^f^putnun of, Jiisgunn Flanu, tipiiti mu of , J’Jooil ption, Iaius 
nb, Ilitti blbi s T/ttoiy if iht HialIi mil , Ciisimn, yimlniui oj , C'inhou, h^pnh mu oj , C'/ifonne, 
kipectimii of , Co’oihid /'Voiiifs, Cmoiia, Sjwtiuoboftlie, Hhehit /hiith mnl (I'oii , Spali um 
of, Aliihii JA'jht Hud FjiriiL i^pfc/imib of, Ui iiiciitt, fipafirt of t/ic , /’’i itmifioin s /aiici, 
(jii'ishi's Tiihts, KiiLlihoJj's Thun y oj Uil Lines ni tko f'olm Spcitiinn, Ldhimn, i^puhnui of , 
Lvjldmini, iipuUmn oj Mnppinif A/Ooi/eii, f^pirlniiii of , Aonmd iSolm Spctnnn, 

Oiipjou, t'jii'tt mu of, Plioijihoi ns, Spaliniii of, KpuUmtb Annh/ is, hpuLnuu, llln,maaUuij 
Pomi of thi , fipui] iiiih Mu uuiiipt , fificitioaiope , iSptfJiit »/ ) 

•HPKC'rJiUM ANALYhlS A teun applu d to a method of ((ualitative aiialysi , which has 
been leeeiitly mtiodueeil, and by mi aiis of which impoitvnt distovenes, beuingon th, distu- 
hiitiuii of the ilietiiieil elements not only in n< w teiiistiial Walitiis, but al'O ni tin snn, Ii\ed 
stare, comets, iiid nebuLe, Iliac beiu ohtnned J 5 y its me ms foiu new elements hive been 
diseuveied, vi^ , Ciesiutii, rubidium, tlialliuiii, and lutlmin W c li we eaplaiiied elsi \,hui (see 
Fiiimilnfti \ Liiks , SpuO mil) th it when i vi ly pine solai spcctiiim is obtimed it is ti iveiaed 
by 111 mimerise miiubei of sliatii bl uk liiiCs 'I'o siiiijihty the e\pl in itioii, we will tiki one is 
an illnsti atioii The doidile hue known .is I'laiinholei’s D in tl e yi How, one of tile most con- 
spieuons 11 .sloiigbi 1 11 known to oeeu|iy < \ n tly the simeiil ue is iluinmoBS doidilehuc jiroduceil 
by sodium eompouiids when mtioducedmto the h iiiu of a sjniit 1 imp , 111 f let, by pi King siieh .1 
spnit tl line before the slit of i speetioscojii the luminous lines could be mule to lill up and 
.ibsolutely oblitei ite tin black 1 ) lines The lel itiuiUshiii whuh was siispi i ti d to i sist bi tween 
the liiimiious iiidj,he black lines was lust ih ally proved by Knchholl m tin autumn of 1859, 
who, IS the result of Ins e\[)einneiits, was led to the diseovuy th it the iin indisn iit v ipour of 
hoilium, which h.is a aery high powei of eimttuig the yellow light IJ, possessed in in eipiil 
degiee the pov.ei of ilisoibing that 'same light Jngiiieiil teims, the 1 iw m ly be < oiisidiied 
an oxtciisjoii of JJi Ealfour btew ait’s Iiavof oacliinges, mil may bt cajiiesseil as follows — 
Eveiy hubstaiico avhich, at a given tempi ratine, emits light of a eeit im lefraiigibility possesses, 
atUit imiH teiiipiiaiuic, the ])ovver of ibsorbing light of tint refiangihility Wli it was proved 
to he true in the ease of soihuin has smeo lietu shown to hold good with cvri y othei 1 lenient , 
and the black lines in the solai speetium aie now consnh led to he due to tin iiiiiiiil of the 
luminous lines due to the mcanile scent vapours with which the sun is surroiinikd Tlie system of 
luminous hues yielded by many elements, espcenilly the met ils of tlie alkalus mil ilk ihiie earths, 
me vciy inaiked in then chaiacter , thus a sodium compound volatilisid in a spnit <1 ime anil 
exaimiied 111 the speetioacope hliows a brilliant yellow double liiu , a lithium eompouiid an in- 
tense crimson line, a thallium compound a bnght green, avhilst other eli imts givi spectra 
almost as ehaiaeterietic, although less simple The pieseiieu of one element does not interfere 
with the spcctium given by another, so that, by igniting a mixture of salts m <i spii it (lame, the 
Bcveial metallic elements which it eoiitams can be recognised .it once in the s])i i troseope 'J'ho 
delicacy of these spectrum reactions is very great , of Bodiiim the iSo rmllionth pait of a gram, 
can. easily be detected, of lithium the 6-iuilhonth pait of a grim, .iiid piojimtioually mimite 
traces of othei bodies Tins method of spectrum .inalysis is now constantly used m chemical 
laboratoiies As it has been proved that the black lines of the spec tium aie Hiiiply duo to the 
reversal of luminous hues, it is evident tliat the presence of an element can be just as conclu- 
sively proved by recognising its system of black luies as of its biigbt bin s , then fore, by care- 
fully preparing maps of the bnes given by the terrestrial and eoriparmg them with the lines of 
Bolar, stellar, and other spectra, the terrestrial elements (iron, eoiiper, zinc, nickel, sodium. 
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&o ) are shown, to bo present in the celestial bodies. For further infarmation on this point see 
lioscoe on Spectrum Analysis, Maunillan, 1869, articles Spectrum,' FiaunhofePa 

Lines, Spectra of the Elements , Metallic Specti a. Spectroscope. • 

SPECTRUM, CHEMICAL ACTIOJT OP. Seedctmim. 

SPECTRUM, DARK LINES OF THE Sco Frau nhofcFs Lines. 

SPECTRUM, ILLUMINATING POWER OF The illummating power of the solar 
spectrum attains its maximum in the yellow, and diminishes on each side according to a rapidly 
descending curve (See SpecU urn ) 

SPEC'l’RUM MICROSCOPE Compound microscopes frequently have a spectroscope 
attached to them, so as to enable the spectrum of the light passing through any object in the 
held of view to be examined There are two prmcipal forms of spectrum apparatus, in both of 
which direct iision pitsms arc employed ' The simplest form consists in fitting a small slit at 
one end of a tube about three inclit-s long, and a convex lens at the othei end, adjusted to dis- 
tmet vision of the slit , between the two a compound pnsm is placed, and the whole then 
becomes a small direct vision spccti oscope, showing the principal Fiaunhofer lines when held up 
to the sky This instrument is arranged^to shde over the eye piece of the microscope, and it 
then gives a sjioctrum of the light transmitted by any object which is in the held of view A 
reflecting prism is sometimes fixed beneath one half of the slit, so as to obtain a st imlard spectrum 
in the field together with the one under examination One great objection to this form is, that the 
dispersion is so slight, and, moreover, the eye has to be removed from the instniment when the 
spectrum apparatus has to bo rcmoveil Mr Crookes has devised a form of spectrum micro- 
scope m whu h these difficulties are overcome Beneath the principal stage of the microscope 
18 a sub stage cariymg a half inch object glass, which throws an image of a slit into the field of 
view , the sht is carried on a brass slide, by pushing which it can be replaced by a circular 
aperture admitting a wide beam of light, or a square aperture to be used when searching for 
dichioism Immediately above the object glass is a sbdu carrying the direct vision pnsilis 
which, by a movement of the finger, can be thrown in or out of the held All tliese parts may 
bo permanently attached to the microscope, as they do not interfere with its ordinary work 
When, howov cr, it is desireil to examine the siicctrum of any object which is in the field, the iluagc 
of the slit IS brought in with one touch of the fiiigci and the prisms are pushed m with another, 
when the spectnim appears, and m.vy be brought to accurate focus by the ordinary rackwork 
adjustment When oidmary daylight is used, Fraunhofer’s lines arc clearly visible, and with 
sunlight the lino D can be doulilcd By using a spirit fiamc containing an alkaline or alkahnu 
earthy compound, the 1 right lines arc seen os in an ordinary spectroscope In fact, this instni 
ment may rejilaco a spectroscope for most purposes 

SI’Etfl'llUM OF JIYDROGEN Kee JTydiogen, Spectrum of , Hydrogen Lines, Broad 
ening of 

SJMsOTilUM, niOTOGRArHS OF THE See Actinism 

SrECTRUM, PllOJIXJTION OF, ON SCREEN This is now almost invariably effected 
by means of the electric light , the optical arrangements attached to the lantern are a magic 
ai’tern condenser near the carbon poles, .nljustcd so as to illuminate the slit as much as poasihle 
Outside the lantern an achromatic convex lens, either single or compound, receives the light 
from the slit and brmgs it to a focus on the screen, where it forms an intensely bright and sharp 
hne of light, whose apparent width may be adjusted by the screw attachments to the slit A 
pnsm or prisms now being interposed, tho light is refracted and dispersed into a brilliant 
coloured spectrum If the lower carbon pole is hollowed into the form of a small crucible, 
metals such as th.dlram, silver, &c , or alkaline and earthy compounds, such as chlonde oi 
lithium, or strontium, &c , cau be inserted , and being volatilised by the intense heat, produce 
an mcandescent arc, which will project on to the screen the spectrum charactenstic of tho sub- 
stance present (See Spectrum , Elements, Spectra of the , Metallic Spectra ) 

SPECULAR IRON See Iron, Cast 

SPEISS A name applied to a mixed sulphide and arsenide of nickel, obtained in the manu 
facture of smalt Nickel is usually procured from it 

SPELTER A name sometimes applied to crude metallic zinc 

SPERMACETI. A white crjstalhne fatty substance occurring with sperm oil in the heac 
of the sperm whale It is very soft and brittle, of specific gravity o 943 It melts at aboul 
40“ C (104“ F) 

SPECU LUM {Speculum, a mirror. ) A highly polished reflecting surface This term is usuallj 
confined to the concave reflectors of astronomical telescopes, which are mq|de of speculuir 
metal or sdvered glass. In the former case, the alloy is simply ground and polished to a^para 
bolic surface (See Paraboiid Mirror ) In the lattei case, a glass surface is pohshed to a para 
bohe curve, end metalhc silver is then precipitated upon the surface by chemical means, wbicl 
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IB afterwards pohsliecl I’or a discussion of the relative merits of ijlasa and metallic speculiC, 
see Mr Grubb’s papi r P/itl Tians , 1869, j) 127. 

• SPECUIjGM MK'rATj An alloy of which the parabolic reflectors of astronomical tole- 
Bcopes are made Ijord Eossc’s alloy consists of four equivalents of copper to oik, of tin Thia 
IS probably the best, and is the one used m the iifrcat hrilbourne tclasenpe llio llev W T 
Kiutfsley adils to tins compound onc-fourth of an eqim aleiit of /me 

SPHEEE, POCUy OP The distance of the prmcijial focus of a sphere from the <ircum 
ference varies accordinij to the index of refniction. of the substance of which the sphere con- 
sists Thus, supposing the siihere to be one inch diameter, the focus would 1>e fmirhct for 
tabasheer, whose index of refraction ls i 11145 » ^ water , ^ an inch for glvss, ind lu - 

thing for zircon, — that is to say, in a /ircon sphere the focus would coincide with the circum- 
ference The rule is, divide the index of rcfiaction by twice its excess above unity, and tJie 
quotient is flic di'-tancc from the centie of the sphere to the focus, in ra<lii of the sjilicie 

SPHEIITGAL LEJfS A sphere of glass, or other tran'^parent medium, is sometimes called 
a spherical lens 

SPIIERGIIIAL CONDITION’ OP LIQUIDS See Leidenfiost's Ejepertnuiit 
SPICAsik SPICA AZIMECH (Arabic) The star a of the conste^tioii 'Virgo 
SPIRAL \K11UL/E See iVcAi/Zir 
SPIEG ELEIS KN Sec Ti nn. Cast 
SPOTS ON THE SUN See .Sun 

SPllENGEL’S PUMP An ingenious and excellent invention of Mr H Sprcngcl for 
nbtaimng a perfect or almost perfect vicuiim Supjxisc it were lequiicd to e\h uist a vessel of 
air, and that we could put it in cumumiucatiun with the vacuous spxcc left at the top of v tube 
of mercury more than 30 inches, or of water, more than 32 feet high (see Tin > 11 tUiuii Vai uum), 
a certain am mint of the air Would be drawn out of it into the vacuous spaci, lud the level 
mercury or water lu the tube would fall If, then, the connection with the atr vessel were 
cut off, and if the mercury or water tube were ogam filled up, and a perfect 'Poi nn lb in vacuum 
obtained, on once more connecting the air vessel to the v icuiim tube, a second portion of the air 
weald be removed, and by degrees the whole of it might m this way be got lul of Tins is 
precisely what S[irengcrs p imp docs in a continuous way In its simplest form it consists of a 
straight tube, which, if mercury be used, may conveniently bo 5 ftitt long , uid if w itcr be 
employed, ought to be about 40 The lowei extremity dips under the suiface of inereiiry or 
water in a receiving vessel, and to the upper is attached a fiimiel which is kept full of the 
liquid A sto]i cock is inserted between the funnel and the tube , atu^ w'hctt tho sto]i c ock is 
open, the Inpinl flows from tho funnel to the receiving vessel Ijclow At a point 111 the tubi* 
more than 30 inches, if mercury be used, (or 32 feet if water bo employed), fiom th< ‘-uiface of 
the liquid m the leeeiving vessel, there is a lateral opening, from winch .1 sm ill shoit tube pro- 
ceeds, and to th^p is attached by an india-mbber connecting tubes or by coiks, or in any < tlier c>oii- 
venient way, the vessel which is to be exhausted U'ho stop cock is thi 11 opuned, and tlie liquid 
fiermitted to flow down from the funnel As the liquid dc'sceiids bubbles of an ate seen to 
rush from the vessel to be exhausted, through the lateral tube, into tho jiimcipal tube, and they 
are car. led forward with the falling column down to the receiving vessel Ixneath, whore, if 
necessarj', they may bo collected if the extremity of tho piincipal tube is bent upward into a 
form convenient for delivering gases "When the bubbles of air no longei How into the mercury 
tube, the vessel is completely exhausted, and the vacuum obtained in this w.vy is almost as per- 
fect as the Torricellian vacuum 

It will be seen from what we have said that the quantity of am removed in each bubble can- 
not be very great It is, therefore, found convenient, when tho vessel to bo e\b iiisti d is vt 17 
largo, to connect it, m tho first instance, with a common air pump, and by means of it to remove 
the great c r portion of tho air , then to attach it to Uprongc I's pump and coiupletp tlic exhaus- 
tion The description of the pump by Mr. Sprengel will be found m the Journal of the 
CJtemical Socitlt/, 1865 
SPRING See Eeaeont, 

SPRING-BALANCE, * An instrument by which the intensity of forces in mcanured by tho 
compression they produce upon springs This principle in applied 111 many w.ays In one of 
these the instrument consists of an elastic bent bar of steel, to tho ends of which metallic gra- 
duated arcs are attached. The outer arc, fixed to tho lower portion of the bar, posses through 
an aperture m the upper portion, and terminates in a ring, by which the instrument is sup- 
ported The inner arc is attached to the upper arm, posses through tho lower arm, and has a 
hook at its cxlireimty to which a weight can be fastened The mstrumeut is graduated by 
meXns of standard weights, which, when suspended from the hook, cause the two portions of the 
steel band to approach eadi other till the elastic force of the steel counterbalances the weight. 
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The extent t<> which the outer arc is caused to pioject beyond the upper part of the bar by dif 
fereiit weiL;lits, determines the points of yiaduation for the correspomlmg' intensities of force 
and thus forces of many kinds can be expicssed in terms of the uuit of weiglit Whenevei » 
spimg baluice is ajiplied to compare different kinds of fotces, it forms a dt/nnmete) fKec Dynii- 
mcia ) Hpiiiig bal iiiees cap ihlo of mcasuiing veiy luge foices can be consUuctcd, and applied 
to such pui poses as thit of measuimg the foiee with whieli •! hoisc diaws a caiiix_,e along a 
road Another form of spring b dance has tlic weight attached to the cxtcrioi of a hollow 
metal cyhndci in which a spnng is coiled 'I’he spiiug is coinpiesbed by the lod of suspension, 
avhich is connected with the lowest poit of the spimg The rod is giaduated aecoidmg to the 
extent of its ri'-i out of the lyliiider 

STA 151 .E I'(iuildl 5 i;iu:il ^oQj^Quthhmm 

S'lhVli 1 JjiT Y {bldbiUs, able to stand, from fUa c, to stand ) See Eqiiilib) mm, and < 7 i m tty. 
Cent] ( (if ) 

KTAXDAlin (y\.HS()TdTTE) OF LENGTH, TIME, AND MASS Trofessor J Cleik 
Mivwi 11 , 1 ’ II S , 111 las addiess to the luatheiiiatical and physical section of the Jliitish Assoeia- 
tioii (Iniiipool meeting), held iii Soptembei 1870 threw out the suggestion that, if we wish to 
fin<l in ihsolutely iincleingeable st uid ird of length, time, and mass, we have it m i molecule of 
liy.h ogeii , foi when igit ited 1)^ la at 01 hy the passage of the electiie s]) irk, these nmleeulfs 
vihrile pici I'-cly in tla uuo pciiodic tmie Not only has eaeiy molecule of tciiestiid hydio 
gen till" s line sj-item of ])( 1 aids ot tree vibration, but the spec lioseopie exaniin itioii of the light 
of the snn uid stiis '■hows that in regains, the distinee of which we can only feebly iinagiiie, 
there aio moleeules a ibiating 111 as exact unison avitli tla moleiiilcs of tciicbtiial hydiogeu ab 
two tuning-foiKs tuned to euiiect pitth If, thin, ave wish to obtain stand irds of hiigtli, time, 
and mass, avliieh sh all be absolutely peini ua lit, We must su k them, not in the dimensions ni 
the ruition oi the mass of oui planet, but in the avavi length, the poiiod of vibiation, and the 
alisoluti in iss of these imiu 1 ish ihle and am dteiable, and peifet tly siuulai molecules < 

STANNxVTES Combmitioiis of hmoxide of tin 01 stiiimc aeid (see Tin) with ba ej 
are calk d st<iiinales The following aie the most iin]ioitinl — Slunnalc iij 
(KjO HiiOj SlIj^J) icparates from its solutions in hard ti iiispuent crystals, of speiila griv 'y 
3 2, leadily soluble in w vtei, Init nisohihli in deohol t'hinnuiL if biiiliniii (N igO SiiOj jJfoO) 
crystallises lu kug< hex igonal jilates, avhieh are aery soluble 111 cold w iter, but luneh les!> bu m 
hot Ijoth the sodium and jiot is&iuni silts aie much Ubcd in calico piiiitiiig and dyeing 
STANNIC ACID See Tm , JJinouJe 

STxVJl (dar/ip, acTpiji' ) All tlio ihseiete Inminons bodies aahich ho beyond the outermost 
bounds of the solar system are called in .vstionoiiiy '.im i 'I’he ne.arist of these bodies is yet 
reniuaed to a distauee ho eiiuiiiious that the eaith’s oibikal motion around the sun pioduees uo 
obvious eh mge m the stai s position Nor ..lo tiny of these external oibs subject to motions 
great enough to eaiibe tlain to shift then jikiees in an obaious maiinei Hence tlu-.e oihs <iu 
eiUed the /ufd s/a?s, to distinguish them fiom the p/ancis aahoae pesitioua on the sky aaiy oh 
Viously, linth on account of the e.irth’b and their oa/11 motions 

\umtiitliiti(ii of the I'liii s One of the eailust w'oiks uiahitaken by the abtionoiiier imi'-t 
h .VC been the foiin.iLion of a system by avhieh the lived stlis could be dibtiuguislied one fioni 
the othei 'To this end gioujia of stars were eoinpaied to vaiious ammals and other obji ets (see 
Con'ifilliitwns), and the sepuate atiis weie refeiied to according to then positions m these 
ligiUeM, while the iiaue eoiispicuous oibs icceived special names Hut this metliod avas cum 
brous and ineoiiaeinent , and as the number of observeel stars iiiereased, it became absolutely 
necessary to luaeiit a iiioie elfeelive system of iiomeucLaluie 'The plan in use at the pieseiat 
time IS the one which 111 effect rcjdaeed the inconvenient nomenclature of tho ancients , and it 
affords stiiking evideiiee of tho difheulty of effecting mi] iron men ts in this partieul 11 bi aneh of 
astronomy, that the iiioeloiai system slioulJ have come so late into use, as well as th at it should 
be retained, now that astronomy has ni ide sneh impoitant advances m other lespeets xVeeoid- 
ing to this }ikin, the fetars belonging to each eoustellatiuu aveie distinguished by the letters of 
the Gieck alphabet, tho brightest by the lettci a, the next hy the lettei fi, and so on 111 ordei 
When the Gieelc letters wcie exhausted, the Homan lettcis followeil m ordci, and then the 
Italian It would not seem that Bayer was vciy caieful as rigards the sequence of the stars 
in Older of brightness , hut there tail be no doubt that, in many lustaiices, the aiipaient want 
of coiiespondciicc between the order of brightness and tho oidei of Bayci's lettcimg is due to 
a real thaiigu in the brightness of many stars suite his d.iy 'The next mode of indu iting the 
stars which has to he noticed is that employed by Elamsteed 'This astronomer numbered the 
stars 111 each cun*tellatiou in the order of then light ascension, mcluding in thc.list all the stars 
whose places ho had observed and recorded Tlius many stais invisible to the naked eye 4 p- 
^ar m Flamsteed’s hst IIis numbers are given, to stars which Bayer had already lettered, as 
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well aa to others left imramed by T 5 aycr Thus manyatirs have two distinct sppdl itnms, a 
source of obvious confusion In some instances it lias men happened that the two n unts of a 
B?ai actually lefer it to different constellations Thus, the stai ivLich 11 ijci i died Sen pii is 
called by hlaiustceil 51 Libia. The eminent obscrvei I’l i/zi aiian!,c d the st u-. ,,l,sr n,,d in 
hours of iif,dit ascension, munbciiiiy them in oidu of 11 A thiou.(hont euh lunu 'llms the 
star 230 XV is the 230tli 111 oidei of li A within the 1 5tli houi of iicfht aseeusiun 't Im u- 
rai oe meiit, liho all depeiidin!' on the position of astir in riolit astensKm iml ileeliinl luii, has 
the dis idvantayc’ of beiiio lendeicd piaetii illy iituutellmiMe tlnouLdi the' eh m.,c ■, piddi-i i d by 
the pieeession of file ecpuno\es 'J'hc use of lloman and Italic lelteis has lei 11 id ptid on 
a somewhat anomalous jilari In the eoiistellatioii Aii*o, iloinan eaiutals ind Itdji fommon 
letters arc cmi do jed to iiuhc.ite stars beloiigm:' to the sulxli\i".iijns Ic/o, C'lti ii/o, and 

ruiqus liliewliJic small Italic ktteis jie oi< iMoiiilly ciiipliijed, as Well .s lion, m i 'j itals 
belongim' to the Just pait of the alphabet Hut i Mi^wlicie, eveept in Ai,o L’lim i'1 c ipit ils 
belonging u the laltei put of the alfthihet I'liinin., with 11), aie eiiiplo^id to mdii ite the 
vauahle sLiis of a eonstell ition m the oitlei of then diseoieiy 

UndoibteiVy it would lie most iiliaiit igeous if v s^sUiii of uomcnelitine lould he ilcM id by 
which ill till mom i 1 r ■, of thi presint lu ii)_,i innt eouhl be lemoved 'I'he iiu ul .1 u d eun- 
tmually s u >m-, fi,iues of the cuustell nioiis sii ^,1 ^t that, as leg 11 ds tile ihn ion of llie In .iveud 
into Hiuall p uts, i wholly new pl 111 si loiild be uio]itid Agon, the eh iii^i n siiltj >ij fniiipie- 
eessuin, IL alei a lefeii nee eithei to light isn nsiou ami ili i Ini iLiim, 01 to ]on_,iLii le iiid lati- 
tude, uieonveiiici it AVli it IS obviously w mil il Is tlu diVJsiuu of the lii.iieii leemdiM., to X 
iznifuiiii plan, depending im the ft itiiiis at tu illy |tiesinted by the suhie i 1 ■■jsIlui '1 In g.il- 
aetie ynne ilioids i natui il eiitle ol lefeieiiti , and a s\sUm of division lUid iniiin iitl itiiie le- 
feiTLil to e' 111 eiiele vinuld li ive tin iiiipoituit nlvauligo of bi mg li ibh to no 1 1 ) 11,1 ,sive 
those resul' lug fi 0111 tile jiuipi r iiaitioiis of the stais, wlm h wiinld not ffoi this piiipn ) ippie- 
Aiably atlei t Uu htan 11s fm thous itids of \eins to tome Even when tliui^i who thus leii- 
derc'd neiL'saiy, tiny would be uimupoitaut (if Uu oiigmal plan of divioum had bien well 
devised) and easily eil. tti d 

^DihUilnUwii o! th iSlitis There iic few siilijet ts whiih aio bettei woilby of etrd> t!i ui tht 
1 uvs legulatuig the ilistiihutiou of the htusfi)ovei the lelestiil splien , and 1,11 ) lliion.,hout 
space Oil the second jiomt we must be guided for the pieseut 1 ithei by infuti ei s deiivcd 
fiom •iji2Je iiaiu es, tb 111 fioin my exact infoiin.ition we possess, 01 eail lio]>o to imssiss It is 
fiom the study Ilf till distubutmn of tin st iis over tlu hiivtus that we imist iniieMil to the 
deduction of such iiil'tieiirta Tiiiiinig to the beaveiis., tin n weiiiogi4>hi itaJiistvuw iwoii 
deiful iiiegulirily of sttllar dislubutiou Along a roue of the beavens we see 1 11 ...mii 1 f liif 
fused light vvliieJi h is been found to consist wholly of stiiy Elsewluii this ilidtnid light is 
for the most p.ut winting, but it is scon igaiii m the two Jlagellami Clouds, while, 111 ei itairi 
pvrts of tile ho fvensj^elnsteimg aggiegatums of greitei 01 less 1 \teiil ittest (he CMstnne of 
1 iivs of assof latioii, whieli may 1)1 supposed soiiu what to resi nibh Ihuse to whieli tin Milky 
Way owes its 01 1 gin Tuwaids the iieiglihouiliood of the Alillvy Way we liiid lln visible slais 
more riehly i au gited, wink, in ceiLuii of the mini jiaits ol tlie g d ivy, llnyaie' g din led 
into groups lud elusleiing nggri gatimis, whose iielmess is signilu int of a it il is-oiiiLiun be- 
tween tbe ildky Way ami the lucid stais seen within its limits It in ly bo uni uLed I'l jiaas- 
ing, that, in tieaiiscs on i>njiulvi asUoimm^, i Htatemeut made by Su -folm JKistli* is ipioted 
very fre(|Uently, .vitliout its real inuiiolt being adeiiuately leeogiiised lie iliiuiK tliit, “if 
We confine mn selves to the three or fuiu bnghtest (lasses, we sli ill fnnl tJliin di tiibiiLed with 
a coiisiilei able approach to impartiality over the sphcio , a iiniikcil iiiefi leiici being nb-civable, 
howcvci, especially lu the soutbeiii heimspluic, for a /one 01 belt following the diieetimi of a 
great circle iiassing through e Ononis and a Crucis lint if we t.iko the whole aiiuiiint visible 
to the n.iked eye, wo shall peictive a great increase of uuinbti as wo aiipioieli tin boulers of 
the Milky Way , and, when we come to telescopic magiiitiides, wo liiul them eiowdi d beyond 
imagmatiou, along the extent of that ciiele, and of the biauehcs which it sends oil from it ” 
It M a matter of so much iiniiortaiice as leganls the views we aio to foim I’es^iettnig the real 
nature of the stellar system, that we should vpiite clearly asccrtliu vvliethi i the visible stars do 
indeed show any sign of affecting the neighbourhood of the Milky Way, that it is mcessary to 
quote another iiassage from Sir Jiilin Heisehtrs wiitings, jiointirig to a result diieetly ojiiiosed 
to that stated above In his “ Observations made at the Mouth fJaiie',” he lemaiks, as the 
direct result of a careful statistical luifuiiy mto the laws of distiibution obseii i)>k' among the 
fixed stars, that “the tendency to greater frequency, or the ineiease of density in n speet of 
Btatistical distribution in approaching the Milky Way, is quite inqiLici fitibk imong stais of a 
higher magnitude than the eighth, and except, on the very verge of the Milky Way itself, stars 
of the 8 th magnitude can hardly be said to participate m the general law o^ increase For 



STA 


50 S 


STA 


the gtli and loth, the increa«ie, though unequivocally indicated over a zone extending at least 
30° on. either side of the Milky Way, is by no meins striking It is with the nth magni- 
tude that it first becomes consiiicuous, though still of small amount when compared with 
which prevails among the mass of stars of magnitudes inferior to the llth, which constitute 
l6-l7thsof the totility of stars within 30“ on either side of the galactic circle” The real 
explanation of the seemingly contradictory results here indicated, lies in this, that, taking the 
Milky Way in detail, the lucid stars exhibit a real association with its configuration, a real 
tendency to aggregate over its extent, and near its borders , but taking “ zones of galactic polar 
distance,” as Hii .John Herschel has done in the inquiry on which the second of the .aboie 
results IS founded, this tendency is lost sight of It is by studying details, not by studying 
averages, that the true relation is made to apjiear Of the necessity of carefully attending to 
this (listmotion, the folloiving quotation heais cvidonco Immediately after exhibiting the 
results aboie iitcd, Hir .John Herschel ad<ls, “Two conclusions seem to follow inevitably from 
this, V 17 — 1st, 'L'hit the larger stars are really nearer to us (taken en masse, and without 
denying individnal exceptions) than the smaller ones Were this not tho case, were there 
really, among the infinite multitude of stars constituting the remoter portions of the galaxy, 
numcious individuals of extravagant Mze and brightness, as compared with the generality of 
those about them, so as to overcome the effect of distance, and appear as largo stars, the pro- 
bability of their occurrence in any given region would increase with tho total apparent density 
of staia in tliat region, and would result m a preponderance of considerable stars in the Milky 
Way, beyond what the heavens really present over its whole circumference Secondly, That 
the depth at which our system is plunged m the sidereal stratum constituting the galaxy, 
reckoning fiom the southern surface or limit of that stratum, is about equal to that distance 
which, oil A general average, corresponds to the light of a star of the gth or loth magmtude, 
and certainly does not exceed that corresponding to the nth” Uoth these important con- 
clusions must inevitably he dismissed, and the converse of the first must inevitably he accepted^ 
if it appears that the lucid stars exhibit a real increase of iiehncss in the neighbourhood of the 
galaxy, and over its branches and convolutions As very little doubt can exist on this point 
when we study the ispcct of the heavens, to the n iked eye, or the relations presented in wcll- 
constructed star maps, and as, in fact, Sir .John Herscht 1 himself recognises the existence of 
such a law of stellar aggregation, we are led to the conclusion that the bright stars seen m tho 
galaxy are really involved amid richly aggregated groups of relatively minute stars 

There are other laws of stellar distnbutioii which requue to be considered, in endeavouring 
to form a just opinion jof the real distribution of stars throughout space It has been dis- 
covered by the present writer that, in the noithcm heavens, there la a marked tendency among 
the lucid stars to aggregate within a nearly circular region, covering tho constellations Cygnus, 
Cepheus, Cassiopeia, J^acerta, Ursa Minor, and pait of Draco Within this region, which covers 
about onc-foiirtccnth part of the heavens, about an eighth part of the stars visible to the naked 
eye are collected In the southern hemisphere a larger region of similar shape exists It lias 
the greater Magellanic Cloud neaily in its centre, and extends about 45 degrees m every 
d rection from that centre It covers about a sixth part of the heavens, and contains nearly a 
tnird part of all the stars visible to the naked eye 

Smaller regions rich m stars exist, and there is a sort of orderly sequence from regions rich 
in stars to closely crowded groups, clusters of gradually increasmg density, &c , down to tho 
irrcholvable ncbiiLe (See Glustei s, Nthula, &c ) 

Numlei of Stars According to Argelander the total number of observed stars visible to tho 
naked eye in the northern hemisphere is 2342 The southern hemisphere is richer by upwards 
of ioc» stars Perhaps the most complete list of visible stars is that included in tho 
British Association Catalogue There are in this catalogue S 932 stars of magmtudes 1-6 
Inclusive , and of these about 2400 fall within the northern hemisphere 

When we p.ass beyond the limits of visibility, and consider the numhers of the telescopic 
stars, we find ourselves perplexed by the contradictory accounts given by different astronomers 
Struve, from a careful study of Sir Wilham HerBchcl's star-gauges, estimates the total number 
of stars withm the range of Herschel’s twenty feet reflector at upwards of 20 millions But 
Chacomac estimates the stars of the first 13 magnitudes at jy, 000,000 Of stars not exceed- 
ing the 9th magnitude, upwards of 3 CX 3 ,ooo have already been catalogued 

Distances of the Stai s Our information respecting the absolute distances of the fixed stars 
is very meagre We know the distance of one star pretty certainly, and we have formed 
tolerably clear conceptions of the distances of some four or five others (though ^ these 
instances the relativo limits of error are very great) , but, further than this, tve have no tijist- 
worthy information The following hst includes Ml the instances in which stars have been 
found to exhibit an annual displacement due to the earth’s annual revolution m her orbit, as 
amount of such displacement, and the names of the investigators . — 
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a Centauri, , . . . o 976" (Henderson, corrected by Maclear ) 

61 Cygm, . o 348 (Bessel ) 

• Litlande, 21258, . o 2(0 (Kruger ) 

Oeltzcn, 17415-6, . . o 247 (Kruger ) 

a Lyra}, . . . o 155 (W Struve, corrected by O Strove ) 

Sinus, . . . . 0150 (Henderson, corrected by Betcrs ) 

70 Ophiuchi, . . .0 l6o (Kruger ) 

T UrsEB Majoris, , . , o 133 (Peters ) 

Arcturos, . . o 127 (Peters ) 

Polans, . . . o 067 (Peters ) 

Capellf^ . . . . o 046 (Peters.) 

With the exception of the first in the list, all these determinations remain open to grave ques- 
tion , and tlio last four or five must be regaided as altogether unrehable 

Now, m considering the real meaning of these results, it is to be remembered that a parallax 
of one second imphes a distance exceeding the radius of the earth’s orbit no less than 206265 
times, or rc''ardmg the actual distance of the earth from the sun as m all probability 
about 91,500,000, we obtain as corresponding to a parallax of i", a distance of no less than 
18,873,247,500,000 of miles All the stars of the above list, therefore, he at distances exceeding 
this cnornious range We may take the distance of a Centaun as about 20 bilhuiis of miles, the 
distance of the other stars greater in proportion os thtir parallaxes are less “ In such num- 
bers,” as Sir John Herschcl justly remarks, “tho imagination is lost The only mode we have 
of conceiving such intervals at all, is by tho time it xiould require for light to tra\cisc them ” 
It IS readily calculable that light would occupy about 3 years m travelliug to us from, a Cen- 
taun, and ab(jut 9^ m reaching us from 6t C^'gui, supposing the distance of that star to be 
accurately icprcscnted by the estimate winch Bessel has formed 
With respect to the distances at which other stars lie from us, the present writer finds him- 
self unable to accept the general conclusions which have hitherto been adopted by astronomers 
'J’h* smallness and c lose crowding of stars within the Milky Way does not ajipear to hun to 
afford satisfactoiy evidence of tho relative vastness of their distance On the other b and, he 
recognises tho jirobability, nay, the absolute ccitainty, that among tho countless millions of 
stars revealed by the telescope, a considerable proportion must be as largo as Sinus, Canopus, 
or Arcturus, while some may even bo far larger Hence the distances of many stars must 
be as vast as those accorded by the accepted theories to the fainted galactic stais, if not 
111 several niistances far vaster There would seem, too, to be no limits to the range of dis- 
t incc within which our telescopes, lot theu powers be mcreased os greatly os they may, will 
reveal stars to us 

Mdfjnitude of the Stara Owing to the circumstance that tho most powerful telescope docs 
not exhibit the real disc of a star, it is impossible to form any estimate from actual measure- 
ment of the dimensions of oven the largest st.ir All, therefore-, that can be done towards the 
deteniuuation ut this element is to compare the amount of light received from a star whose 
distance is known, with that given by the sun, and then, on the assumption that the intrinsic 
brilliancy of the star is not very different fiom that of the sun, wo can tell what tho sun’s hght 
would be if he were removed to the star’s distance, and so the proportion m whieli tho 
dimensions of tho star exceed or fall short of those of the sun To apjdy this metliod, for 
instance, to the case of Alpha Centaun, the star whose distance has been most satisfaetonly 
detemuued, wo proceed as follows The distance of Alpha Centauri exceeds about 230,000 
tunes the distance of the sun. So that if the sun were removed to the star’s distance he would 
shine with only one 52,900,000, 000th part of his actual lustre Now, by considermg Sir John 
Herschol's comparison between the light of Alpha Centaun and that of tht full moon, and 
ZOllncr’s comparison between the light of the full moon and that of the sun, it can readily be 
shown that the light wo receive from the star is about one 16,950,000,000th p.art of that which 
Wo receive from the sun Thus the star emits about three tunes os much light as tlie sun, and 
the disc of the star being, therefore, assumed to be about three tunes os great as that of the sun 
would be if removed to the same distance, it follows that the diameter of tho star exceeds that 
of the sun m the proportion of about \/'3'to i, or as 17 to 10 If we could as confidently rely 
on the estimates of the distance which separates us from Sinus it would appear that tlic amount 
of light emitted by this star exceeds that emitted by the sun about 192 times Thus the 
diameter of Smijs would appear to exceed that of the sun m tho proportion of about 14 to 1, 
•md the volume of Sinus would appear to exceed that of the sun no less than 2G88 times I 
Proper Motions of the Stara See Proper Motxom 

For accounts of double stats, vonable atais, &c , see under these respective heads, asuv* 
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STAllOH A substance of constant occurrence m the vegetable kingdom It is cbemically 
one of the carbo-hj drates, or bodies containing c.iibon, and oxygen and hydrogen in the propor- 
tion to form water Composition CnlliiiOj It is a whito glistening [lowder, which wheft 
pressed iii the hand has a pccnliar grating feet Und* i the microscope it la seen to possess 
organisation, consisting of a iiucIpus surrounded by concentric envelopes Examined with 
polaiised liglit it shows a black cross It is iiisuhible m cold water, but in hot water it 
disintegrates and forms a jelly Starch is coloured blue by lodme , under the influence of heat 
or dilute acids it is converted into dcxtiin ami sugar 

STAR GALTCINd A jilau by which Sii William Ilcrschcl hoped to be able to form an 
estimate of the figure of the sidereal system It consisted m counting the number of stais 
seen in the field of view of one of his 20-feet rcficx.tois, and founding on that number an 
estimate of the extension of the S5’Btcm in the direction towards which the telescope was tumeiL 
It IS fouiiiled on three -issuraiitions I’lrst, that light suffers no appreciable extinction on ita 
course through space secondly, that the telescope employed could render visible stars at the 
outermost limits of tlie galaxy , and, thinlly, that the stars are not so greatly disproportionrd 
in magnitude that any considerable proixirtion of them within the limits of the sidereal system 
would be invisible 111 the 20-feet reflector through relative minuteness All three assumptions 
may voiy fnily be (Questioned (See (ialaxy ) 

STARS, OOLOURKll Among the st.irs visible to the naked eye there are many which 
exhibit well-mirked signs of colour, csQieciaUy of colour belonging to the red end of the 
spectrum Eor instance, Antares, Aldebaran, and Retelgcux, are ruddy , Arctums, Procyon, 
and Pollux, yellow, while (Spclli/ and Sums are biillimtly white , and Vega and Altair are 
of a bluish white tint It is, howevi'r, among the telescoQiic stars that the most marked 
instances of colour occur In many parts of the licav ens stars of a deep red ai e found, some 
even ai)i)roaching to Idood colour Ruddy, orange, orange yellow, and yellow stars arc aho 
found, their hue being in many instances fir mine QiTOiiOunccd than m the case of any of the 
lucid orbs Strangely enough, among the single oil is there are no well marked instances of 
colours belonging to the blue end of the «i)cctrum When wo consider the double and multiple 
etars we Inid not only the colours already noticed among single stars, but bhic, green, indigo, 
violet, and lilac stns, besides such tints as gray, fawn, ash colour, russet, olive, and other hues 
whuh one would baldly expect to find among celestial oibs It has been supposed that in 
many of these instaiicca the colour may be due to some effort of contrast Eor cxanijilc, where 
a blight red star has a small greui comQiamon, or where a bright orange star has a small blue 
com]! uiioii (and many fitch instances of the association of coniplcmontarv colours exist among 
the double stais) it iiiiyhe conceded that the colour of the smaller orb is merely due to the 
1 iw of contr 1st by svhieli f iint lights appear to be tinged with the colour conijilemcntary to tli it 
of ncighboiiiiiig blight lights Rut it lias been experimentally demonstrated that this cxjilana- 
tion IS not, at least in the great majority of instances, the true one For it hafs been found that 
when the bnglitcr of two such associated 01 bs is concealed from view the fainter retains its 
'"ilour eitlici altogether imchangcd or but little dimunshtd 

ISr iiiy intcrc'-tiiig considerations are suggested by the contemplation of coloured double stars 
If oath of till ciiinponents of a double syetcin has its own system of dependent worlds, how 
Btrange must be the rcl itions Qiresoiited to beings whose own special sun is green or blue, for 
example, wliilc a m iglibonring sun, large enough to produce a Large proportion of the light they 
enjoy, is red or oiangc To use the woids of Sir John Hcrschcl, “It may be more easily sug 
gcBted luwoids than conciivcd in imagination what v.mcty of illumination two suns — a red and 
a green, or a yellow and a bine one — must afford a pilanct circulating around cither , or what 
clianniiig contiasts iiul ‘ grateful vicissitudes ' — a red and a green day, for instance, altcmatuig 
with a white one and with d irknesK — might arise from the jireBcnce or absence of one or other 
or both above the liunyon ” Nor aro relations of less interest suggested when we consider the 
pos'-ibility that the dcpicndcnt worlds belonging to such a system may be fai removed from both 
suns and circle arnniid their common ccntic of gravity 

STAlltJ, EOURTiE AND SIULTIPLIO It was discovered, soon after the invention of 
the tekbcoQic, that many stirs which to the naked eye appear single are in reality double It 
IS commonly asserted that the first double star actually noticed was the star Mesartun or 7 
Arietis, and its ihscoverer Dr Hooke, but the assertion is open to considerable doubt At first 
It was bupjioscd that the diijilicity of such stars merely anses from the accidental appearance of 
two stars ncaily on the same visual line But an inquiry of great interest, belonging to another 
branch of astronomy, led to the recognition of the fact that most of the double.stars aic really 
pairs of physically associated bodies The idea occuiTed to Sir Wilham Herschel (not^as is 
commonly asserted to Galdeo) that by observing close double stars, means might bo found of 
J . ' vuung ^ith great accuracy the effects of the earth's motion in cauemg an apparent change 
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m a star’s position, and that thus tho distance of tho star might be detormined For where two 
stars, very dose together, are very unequal, it might bo assumed, he thought, that the smaller 
1*ES far out in space beyond the laigcr Thus the annual parallax of tho smaller u ould bo 
very much iiss than that of the larger, and might m many cases be regarded as iiractitally in- 
sensible Hence all that would bo ncecssaiy to determine the distance of the larger star 'would 
be to determine accurately its apparent eliangos of position with respect to the '-malh r This 
would obviously be a much simpler and easier task than the detection of its absolute- appaient 
changes of position But while engaged in attemptmg to apply this simple method to the 
solution of a veiy difB-Cult problem, Sir William Herschol was stirtlcd by a discovery of an 
unexpected chaiactcr He found that in several instances the smaller of two associated stars 
was actually revolving around the larger , in other words that the two bodies fornicd a ])aii oi 
system It was i ot till 1S03 that he announced this discoveiy definitely to tho world It was 
received with considerable doubt, partly betanse tho idea itsc-lf was so siirimsing, partly because 
the result tmed to oppose the clieiished doctnne that the stirs aic distiibuted miifoniily 
throughout sjiace But continued ohseiiition justified fully the theory put forw ird by Sir 
William Ilei-fhel None have distiiigiiislied themselves more in icscarchcs din eted to the 
vindication of Elcrsclicrs vii ws than his son Sii John Ileisehel, Sir James South, uni William 
Struvo, the eiuiiiciit I’russi ui astronomer The last named astronomer ni p utieul vi has largely 
extciiiled the list of Imoivn binaries (Hersthel uid South, I’hil Tians, 1S2G , lltrsclicl. 
Memoirs of the ltoyalAbtronoinie.il Society, vol 111 , Stnivc, Catalogiis Stclliium Ihiplieium 
et Multiiiheium, 1S37 ) Among the most reinirkablc binaries m.ay be' mentioned 7 Viigmis, 
f Urse Mijoris, 70 Ophniehi, Cistor, 61 Oygni, e Hydr.i?, and fAqniuii 

But besides double stars the hcivens pieseut to our contenij)! itioii tuple, quadiiqik, quin- 
tufile, and multiple systems, exhibiting every variety of magnitude, position, motion, .uid 
coloiu A s.ucd by the pioof th it re.ally issoci vted p urs of stars exist witliin the sideii d systiin, 
n«tronomc] s have touud themselves able to accept the vicvv that these higher orders of asboeiar 
tiou aie in many cases real also 

Among (’oublc, tiqik,and multiple stars arc seen many striking instances of rich or contrasted 
colcuis (Sit Onloimd) 

STARS, Sl^l'klTRV OF As a gem ral rule the spectrum of the fixed stars is sumhr to 
that ot our sun, consisting of i hiight spectrum crossed with Muk hues of all degms of mten- 
Bity and Lhu km -s In many of tlie stais linos ocf ui in the same iiositions as sonic of those m the 
solar speotnim, .ind arc probaldy due to the presence of the same eluiiieiit , most of the d 11 k lines, 
however, havi not been identdied A fevv stais give blight hues (fc 3 ec*K(i>ii(Wt Slajs, (S/JtUia 
0/ , (Johnnn! Mur'., t'lxrlxi of) 

STARS, TRMI’ORARY Amongst the most remark iblo phenomena pnsnitid by thi 
heavens to 111 ui s lonteinpl.ation nmst be rankeil tho appt ariiiee of new .-lirs and the disaiijicar- 
anco of those wlin h have found a jilacc in our charts .mil c it ilogiu s About tlie yt ar 1 25 11 u , 

.a new st.ir ipjx ired, xvliieh w.is so blight as to liavi hoin visible in tho da_)tiim Ih] paiehiis 
was inducLd, it is said, by the .ippi 11 ime of this nbjeet to di iw up Ills catlloguo of stirs 
Anotliei tir .ippeared tieir a Ainiila* m the year 3S9 of mil eri, “riniainiiig,” hiys Sir John 
Herschel, “ foi ilnee weiks as hnght .is Viniis, and then dm ippL iimg i ntm ly ” In the jc irs 
945, 1264 ind 1572, brilliant stars made then appe.ir.iiici m tho jiait of tin heavens hi twei 11 
CepheuB and t' m-mpeia, and Goodricke was leu to suspect fioin the iiL.ai equality of the inti iv ils 
separating the ajip ntiims, tint tluywere* in reility hut suetessne .ijipe ii'iiK ls of the samt 
6tar Jf so, lie ill ly shortly look fill its loappe irance 'I'ho app irition in 1572 was vi ly sudden 
Tycho Brahe .isseits Ins eonvietion that half an houi bcfoie the time win 11 Ins ilti iitioii was 
first directed to the new stai it Ind not been visible It w is is hnght when lust seen is Sinus, 
and increased in lustre until it surpissed Jupiter when be is in opjiosition But m 1 ). eemher 
1572 It IjL'g in to dimmish, .ind by March 1574 had di-,appcaieil Arotlu 1 uew sL u, also very 
brilliant, m ule its appcaranco 111 tho eonstelhition Seriientaims, on (fetobir 10, iGoj, and con- 
tinued vibible until tletober 1605 In 1670 a new stai .appeared m ('3 gnus, ,iiid on Ajiril 28, 
1848, Mr Ilmd discov-crcd a new star of the fifth magmtiido in tlic eoiisteliation Ophiuchus 
Both tilt so orbs eventually vanished 

It IS doubtful whethei v e should associate tho star Eta Argfis with the class of ohjrets now 
under eoiibideiation, or with tho periodical stars In 1677 it w is rcimdedhy Halli y is astai of 
the fourth magnitude In 175* Lacaillc observed it to ho of the secund inagiutiiih Between 
1811 and 1815 it was agam of the fourth magnitude, .and .ag.im fio’ii 1822 to 1826, of tho 
becond On Febniary i, 1827, it had inereas^ to the fust m.igiiituik, iml w.is as hnght as 
tt Orueis But i!i ja-esently returned to the second magnitude*, and so lem uni d until the year 
1837 ** lu tho beginning of 1838 it increased in brightness until it was iieaily equ il to a Oen- 
fa.un (the third star in the heavens fo/ brightness). Then it dimmibhcd but not bdlow tl^ t * 
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roagmtude, until 1843, in April of which year it lucrcEwed agim until it nearly equalled 
SmuB itaelf m splendour " In May 1863 it was scarcely visible to the naked eye, and now m the 
year 1 870, though it seems to be slowly recovering its lustre, it ifl still only of the sixth magnitude 

On May 12, 1866, a new star of the second magnitude v/as discovered by Mr Eirmingham 
of Tuam, and somewhat later, but independently, by Mr Baxendell, of Mauchestir, lu tho con- 
stellation Corona Borealis It decreased rai>idly m splendour, insomuch that by May 20 it had 
already fallen below the sixth magnitude It sank to the lOth magmtude, but rose again to 
the seventh, and has exhibited since some singular fluctuations as a telescopic star 

STARS, VARIABLE, or PERIODICAL There are many stars which vary periodically 
in brightness Amongst these the following are tho most remarkable — ^Algol, 111 the constella- 
tion Perseus, is usually seen as a star of the second magnitude, but for about 7 hours in every 
successive interial of 69 hours it exhibits a gradual decrease to the fourth, and then a gradual 
increase to its uiiginal magnitude, tho decrease and increase occupying about the same time 
The star jS Lyroj is another remarkable variable Its period la about 1 2d 22b , in which time, 
however, it goes through a double change, resulting in an apparent variation within Od iih , 
which was supposed by the earlier observers to be the true period of this siiigiil 11 vaiiable Tho 
two maxima are equal, the star increasing to about the 3 5 magmtude during both 
periods but the minim i are appreciably unequal, the magnitude of the star being 4 3 during 
one and 4 5 during the other Besides this |jeculianty tho variation of tho st ir exhibits a 
strange change of period The iieriod continually lengthoned from 1784, when (loodneke dis- 
covered the variability of the star until 1840 , but since the latter epoch the period has been 
slowly dimmislung 

Tho stai 5 Ccphci is another remarkable variable It was first recognised as a variable by 
Ooodneke in 1784 Its jicnod is 5d 8h 4Sni , dnnng which tunc it vanes from the fafth to 
between the tlurd and fourth magmtudes The most striking feature of its variation is thu 
fact that while it occupies only id 14I1 in incrcasmg from its minimum to its maMumm bngdi^ 
ness, tho interval during winch it is (luutmsiung is no less than 3d iqh But pci haps the most 
remarkable of all the systeraatically variable stirs is tho star Mira Ccti (o Oeti) fust recognised 
as a vaiiable by Eibmius in 159O Its period of van ition is about 33 id 8h 4111 iCs It sLtues 
for about a foitiiight as a star of the second magnitude , decreases dunng about thiee months, 
at tho end of whicli time it is altogether invisible , remains invisible for five months, and then 
increases dunng the remaining 2^ months of its period "Such,” says Sir John Kuischel, ‘“is 
tlio general course of its ph isos It does not alway's, however, return to the same dogreo <if 
linghtness, 1101 increas® aud ilimiinsli by the (,arao gradations, neither are the successive mtorvab 
of its iiiiisuiia equal Erom tho recent observitions and inquiries into its histoiy by M Argc 
lander, the mean xieriod above assigned would ap^icar to be subject to a cyclical tiuctuation, 
embracing S8 such periods, and having tho eftect of gradually lengthening and shorttniiig 
alternately those intervals to the extent of 25 days one way and the other The 11 regularities 
ill the degree of brightness attained at the maximum are prob ibly also periodical " It is remark 
able til it this stai when near its minimum chiiigcs colour from white to a full red, a xioculianty 
% hich })i onuses to atferd a means of answering some of the jicrplexing questions suggested by 
the pi Tiodic il variability of the stars It is noteworthy of Mira Ceti, that it does not at every 
return to its inaxiiimm become equally bright Eoi example, Hevelius tolls us that dunng thu 
four years between October 1672 and December 1676, Miia (lid not apiioar at all On October 
5, 1839, on the other hand, it outshone a Ceti and 0 Aungsp, both of which usu illy surjiass 
Mira even when at its maximum A similar peculiarity is observed in the case of the star 
X Cygm (Smyth thus names a star which is not variable, but BaxendoU has shown that the 
variable 111 the nock of Cygnus is the star which should be called x), which at tho peiiod of its 
maximum has sometimes been invisiblo, as m 1699, lycxi, and 1701, though usually of the fafth 
magnitude at such times 

The principal recent observers and discoverers of variable stars have been llmd, Baxendell, 
Schmidt, Sir J Horschel, Pogson, and Ohacomac 

STATICS That branch of mechanics which considers the relations of forces which act 
upon bodies at rest 

STEAM The clastic fluid into which water is converted by heat In order to explain the 
nature of the force arising from steam, let us suppose a cyhnder, containing a small quantity of 
water, to be placed over a heating apparatus , let tho cylinder be fitted by a piston, and let the 
piston be balanced by a weight attached to a cord which passes over a pulley , also let a tfaer 
mometer be inserted m the water below the piston to measure its temperature Suppose the 
temperature to be at first 0“ Centigrade, or 32“ Fahrenheit, and no air to be between the pisten 
and the water To make the piston nse, it will be necessary to oveieome the pressure 9 i the 
^•fgjnyjhere, which wA be about J 5 square inch. When heat is apphed at the 
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bottom of the piston, the water m the cylinder rises in temperature until the thermometer 
reaches lOO° C , or 212° F After this the water will remain at the same temperature, hut its 
volume Will dimmish, and at the same time the piston will be gradually lifted away from the 
water A certain quantity of water will have become steam When the lolume of water has 
been diminished by I cubic inch, lyoo cubic mchca of steam will have been produced If heat 
be communicated for a sufficiently long time, the whole of the water will become steam , and 
if the cylinder be large enough to contain it, will occupy 1 700 times the space it occupied when 
m the condition of water If the lamp or source of heat be removed, the piston will begin, 
immediately to descend, drops of water will be formed on the sides of the cylinder, and will run 
to the bottom until all the steam has returned to the form of water lly comparing the time 
taken by the water to rise fiom 0° to 100“ <J with the time which elapses from the eomiuence- 
ment of the formation of steam to the instant at which the whole of the water has been trans- 
formed, it IS found that 5i times as much heat was required to evapoiate the whole as was 
used 111 ra'‘irig tlie temperature from 0“ C) to lOO'’ CJ (Sec fjtiiiiU Jlurt ) If the aiea of the 
cylinder be 1 square meh, and a cubic ineb of w itei be tinned mto steam, tbc ]>islon wall be 
laiscd 1700 iiiehes The prossuio of the air on the piston will be 15 Iba (.'imscqiieiiLly, in the 
conversion of one eiihii meh of water into ste im, woik will be done eijuivaleiit to the laisiug 
of 15 lbs thi,.ugh a height of 1700 iiiehes, that is, to 2125 foot pounds 

Expennients to ascei tain the relation between the ti uiperatiuo and luossure of steam wero 
made by Watt, and af tel waids by Southern Ins assist lilt, and an elabonite i mjiiiK il formula 
was construtted by Sonthein from the results of his expeimients to detiiimiie tile piessiire of 
steam at any given tciiqierature 'I'hi subject was further iu\ estig sled by Ai a.jo and Diiloug , 
but the latest expeiimeuta in the iiialtei aie those of liegii mlt, who h is shown th it the total 
amount of heat 111 a giv ell weight ol btc im iiicioascs ivitb tho pressuie When nioie he it is 
aiiphed to steam than IS requited to keep it 111 the form of v iimiii, it obstivis tin sime law's 
as other ga.es Thus, when the temperature icniams the same, llie jiressuri \ai n s mvi rsely 
fta the volume , aiul when the juessuie loin uns th^, same, the voliiine mere ises foi every elegree 
of tempi 1.1 lure by -jl j of tho veilumc at o" O 

STKAIM PiOlliBll The appar.itus in whuh water 13 turned into ste'am tor tho pui’posc' of 
Rupplyiiig steam engines 'I'he fonn of hoilei lutrodueeel by Watt was teiiiuHl the ini'jf/on, 
from the fact that the section of it icprcsciitcd 111 ligiuc the section of a w iggoii eoveietl with 
a senii-eireul u awning The w.ig'gou lieiiler la now i uely used, as othe 1 s art eonstnic ted having 
a higher evajimating jiowei. Ill iiiopoituui to the amount of fuel used, and bet wise tho bent 
autlioiities coiuleiim it as uns ife, ospeeially foi steam of a high i>ies*uie Tin boiieis best 
Milted f 01 the jnirpost are eyliudiicil One form iiunh approied, as being both s ifo and 
eeononneal, is the C'oi iiisli bollei, so 11 lined fioiu its g< nci al use in the iiiini s of ( '01 riw all The 
fuiiiaee IS not hi low tin boilei as m the w iggon, hut withiu it, tin 11 lines and hot air j) issing 
along a lino to tljc furthei end, then baek along the sules , lu xt, tin y i« tin n below, and Jiiially 
escape to tbc el iiinney* Tbe Oonusli lioilcr is leinaik iblc foi -tho siu dl anuiinit of fuel burnt 
m a given tunc The tiibulai hmler is one whieh is lapnlly eoiiiiiig into txUiided use, and is 
always eii jiloyi d in the locomotive It is traversed by str light hoii/oiitil tuhi s, tonin eted on 
one wdc v ith the fuinace an I oil the otlier with the eliimiity The hot air ]> is-.es from the 
furnace through these tubes, so that a veiy laige is heated in contact with the water 

The folloiv.ijg is a eoiupuiisun of tho ttii«-v » u 1 » ot boilois — 

VT.ipgon Cornish 

Flic 1 Immt per hour cm a square 1 ,, . 1,^^ 

foot of grating, \ 

Squire feet of buiface required ) 

to evapoiato one cubic foot of r 996 ^^9 5® 

water in an hour, . . ) 

Boilers arc sujjplicd with water on two plans the first consists of a feed pipe, with a cock 
opened and closed by means of a lever to which a lloat is ittiched , the second consists of a 
c-ontiivancc for forcing tlio water directly into the boiler by means of a foice pump, together 
With a menus of regulating the supply according to the rcqiiiieincnts of tho boiler by a float 
and lever, forming what is tenned tho di^ctintuU feed 

Marine boilers usually consist of a number of mct.vllic furnace chambers, with either flues or 
tubes trai ei sing the hoilor, and delivering into the chimney As these boilers cannot be set in 
brickwork, tbty*a:^e so constructed that the inelalhc suifn es which come in contact with the 
fire ajid heated air are everywhere surrounded with water The consumption of fuel in marine 
hoilera, as at present constructed, is very great, amounting to 5 or 6 lbs. per horse jiower 

2 K 


Lncoiniitive 

79 33 lb.> 
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These boilers are fed of course with salt water , and in order to prevent the salt from being 
deposited as a hard stony coating, the water has to be driven out before it reaches the density 
at which the salt is deposited Hydrometers are now used by the engineers to test the density 
of the water , and when they indicate that the water is ncaily saturated with salt, it is blown 
out and fresh water introduced from the hot wcU or the sea 

The explosions of boilers generally arise from one of two causes , cither the boiler was not 
constructed originally of sufticieiit strength to bear the pressure of the steam, or, in conseciuenco 
of an insufficient water supply, the flues hate become red hot, and unable therefore to snstain 
the pressure To prevent the steam from accininng a greater pressure than the boiler safely 
bears a safety-valve is attac hul (Hee Sa/rf// Fafic ) Additional information will be found m 
Steaiu Boilets, by II Aruistioiig, C E , and Bourne’s Catechism of the Steam Enffinc, and Hand 
hook, of the Stram 1 /lyiiie 

STJ'l VM EXGTNK A machine for converting heat into ivorfc by means of the elastic 
force produced when watei is clunked into atevm The first steam engine on recoid is the 
Eolopjlc {^lEoIhi, the Ood of the Winds , and a bill) of Tfero of Alexandiia, who lived 
about 120 J3 0 This machine consisted of a hollow globe containing witer cajiable of tunnng 
about a hoiizunt.il a\is, and haiing two bent tubes with small apeiturcs iiiscitcd in a plane per- 
pciidu 111 11 to the axis at its centre When the globe w.as hc.ated the steam est aped from the 
tubes, and by its reaction caused the globe to revolve Porta (1580), J)c (’aiis (1^15), and W<t 
cester {1663), conceived independently the idea of employing the pressure of steam to raise 
water Subsequently (169S) Ciptam Savery took out a patent for a machine on the same 
pnueiph' for raising w.itcr from a mine In 1690 l*apin thought of using steam to raise a 
piston, ind in 1705 Niwcomcn. constructed an engine worked by a piston moving m a cyhnrlpr 
The steam from the boiler pissed to the low'cr poit of the t jlinder and raised the piston 'I'he 
steam w is then cut off, and a jet of cold water sent* mto the cyliiich r so is to condense the 
steam contained in it Tlic upper pirt of the ojlmdei eommniiicated w'lth the air, conse- 
quently, after the condensation of the steam, tlic almosphciic jiressnrc and its own wciglJt 
brought ilown the piston The coimmiiiK.ation with the boilti was then reiuwcd, and the 
whole .ictioii rejieitcd Tn 1763 .James Watt of (Jlisgow, while ropiumg a Newcomen (ng>iie, 
conceived, and by libonous study rcilised improvements which constitute the eliut featiues of 
the modern steam engiiid The iinprovcmcuts which have immortalised the name of Watt are 
the following — 

r In Older to ai Old the waste of heat conseqaent on tho alternate hc.ating and cooling of 
the cylinder, Watt lutnodncod a condenser apart fmm the cylinder When tlio piston reicliisl 
its higliist point, tliertfore, he opened a comimmicalion between the lower jiait of the cylinder 
and a seji irate cliambor into which a jet of cold watci was made to play 

2 W itt al-io introduced au air-jiuinp into the condensing chamber to remove the heated 

water and .air . 

3 Anothei improvement was the dovUe action on tho piston The steam was introduced 
above and cut off from below when tlie jnston was lequircd to descend, and the comiiiunic ition 

bovc w as closed and th it below opened ivlicn the jnston had to ascend 

4 Watt also introduced the plan of cutting off the steam before the piston reached its limit- 
ing position, bo th.it its mouiciitum should be dostiojed gradually, and not by a sudden per 
cussiun at the end of the stioke 

III W itt’s engine, therefore, the course and action of tho steam will bo as follows — The 
steam fiom the boiler jiisses along tho steam pipe to the valve casing, from whence it is dis 
tnbuted, as it is temied, to the iqiper and under sides cf the jnston, producing its altern ite 
uji-and down motion 111 the cylinder After working the piston, the bteaiii jiasses by a pipe 
to the condenser, where it is condensed by coming in contact with a jet of cold water From 
the condeiisei the water of condens itioii, togetlici with the aa which obtains adiiii''Sum thiough 
the steam, and which, if .alloivcd to accnmiil.itc, would ultini.itcly prevent the engine woiking, 
18 drawn off by an an juimj), aud dclivoicd to a hot well An airangemcnt of vahes prevents 
the water from leturuingto the air jmmp fiom the.cistcrn, and also prevents tho w iter which 
may rein iiu at the bottom of the air jiiiinp from being agun forced into the condenser on the 
down stroke of the air pump jnston Tlie coiulcnscr iiiiil air pumji are jjlaced in .a cistei ri filicu 
with cold water siipjilied by the jniinp 'J'hc jet of cold w itcr which plays over the condenser 
IB snjijilied from the cistern, and is icgul itcd by a stoji-valve 

The piston rod is connected with the end of the working beam, and is kejit parallel by a 
beautiful arrangement of levers, termed Watt’s parallel motion The other end of the beam 
is joined to the upper end of the connecting rod, which, at its lower end, ns "attached to tim 
crank To equalise the motion, a heavy wheel, the fly wheel, is kejed on to the ciank^J^fj 
revolution of tho ciank there arc two positions, called the dead points, at both of wlneli 
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the power of the engine has no effect in oansing revolution, namely, when the piston is at the 
terminations of the up and down stroke By the momentum acquued hy the fly-wheel, while 
rfeceivmg the full power of the engine, the crank is earned past ita dead points 

The arrangement hy which the steam is alternately led into the upper and lower part of the 
cylinder is termed a slide valve The engine itself regulates the motion of the slide vahe hy 
means of an eccentno The steam is admitted a little before the evtreme positions of the 
pifi+on have been reached , also when the jiiston has been pushed forward a certain dist.ince hy 
the full force of the steam, the supply from the boiler is usually stoiiped, and the piston is im- 
pelled by the el ustie force of the steam already in the cylinder The engine is them s nd to 
work expansively In some cases the steam is ent off at a half stroke, in some at one third, ind 
m others at a sm iller proportion of the entire stiokc 'J'his is effected hy making the foot of 
the slide valve of gre.iter length When the steam is cut off at one third of the stroke, aeling 
expnnwily foi tlie remaining two thirds, the maehtiio has only hilf the power it would have 
if the ste uti liad itcess to the cylinder during the whole course , hence half the mavimum 
force IS olit lined at the expense of one tliiid of the -.team 

The supply 'd steam to tin cylindii is legnlated hy tlic throttle valve, a circular metil pl.ite 
fitting the ste in ]>ipe end moving on a hoiwontal axis The cilgts of the pi ite ire hevtllid, so 
that it IS steam tight when dost il 'I'lii throttle valve is coimeeted'hy a h vi i with the gov ciiior 
As the speed of the engine inereases the halls of the govcmoi tly outiianl, the lever is ijisul, 
and the wive partially closed 

Steam engines any be divided into classes, according to several particulars, for example, 
engines may have eyliiiders fixeel or oscill vtmg, vertical or honrontal 'J hey in ly have a eou- 
densing apparatus, <ir no eoiidc using apparatus We need only consider the third distiiietion, 
and divide engines into two classes- those iii which the steam is eondemsed aftii liiviiig tlio 
cylinder, corniiionly called low pressure, inS those in ■winch the stoun, lEtei woikuig the piston, 
passes to the atmospln re, called high pressure Tlie exigcneies of inodei n jn aetu o liav e ti ndc cl 
to alter this distinction of lowjircssure and liighpressuie engines veiy matenallY In funner 
times condensing engines always woiked with lovvpiessiirc steam, now, they ticqnently work 
wi8h hteam of high-pressure Honco the terms condensing and non-condc using moie accurately 
define the t\v o classes It is now usual to onijiloy stc*aui of a liighei pressure than formerly, even 
with condensing engines The force of the steam fiom the moment the steam valve is closed 
18 continually dimiuisliiiig to the end of the stroke, and if it were cut off it a Kinall fraction of 
the stroke, it might become so attenuated as not to drive up the jiiston On this aci ount, when 
the expansive s\ stem is used, steam of liig-lier prossnro is eiiiploved 'Wie term high jnessuro, 
however, has been generally applied to engines iii which the exh.iuxtcd steam is diivcn into tlie 
air iilueh ste vm must evuleiitly always exceed the picssure of the atmosphere* 

The non eoiidensuig engine is more simjile, and consists of fewer p.arts than that whii h has 
been described "It is generally used for locomotive engines, steam e un.agcs, and steam vessels 
requiicd to possess lightness and ra]mhty Although it is more eh meiitary and simple than 
the other, it w is not invented until invny years after the eoiidciisuig engine had been brought 
nearly to liei-fietion In cnndons.mg engines the piessure of the steam iii tlie boiler vciy fre- 
quently does not exceed front 4 to 6 lbs on the sqiiaie inch , hut 111 the jiroseiit species, whero 
there IS no coudtiisei, and the steam is allowed to pass into the open 111, its picssure is seldom 
less than 20 lbs on the hc^uare mch In locomotive engines the piessure is usu illy from 50 to 
60 lbs per stpiaic inch 

Tho locomotive engine differs from the stationary engine in several important features 
Such engines require to ho sin.iller and lighter th vii others , In nec the i])]) 11 itiis ^^or coinh nsa- 
tion is rejected, and liigh-pressiire is used Tlie boiler is an oblong c yhndi r, tlnough vvhicli a 
number of tubes aic aiianged hori/ontilly, m eouuiiiuiic.itiou with thefuiiiiee anil chimney 
By this means a very large surface is heated iii contact with the w iti r Aftci moving the 
pistons, the steam escapes from the cylinder', hy two pijics meeting m i eoiniiiuii tube or blast- 
pipe, which passes into tho cliiinncy When the exjiedu nt of tuiimig the < \h iiistcd stc am into 
the chimney avas first adopted by (leorge Stevenson, it was found that the speed of the loco- 
motive on which tho cxpciiment was tiled had been doiibleil 

The w orkiiig jiow cr of a steam engine is estim iti d in horse pow er, one liorsc power, as applied 
by ciigineeis to the steam cngiiip, being 33,cxx> fisit jhuiticIs pei minute 

lu order to calculate the effective power we rcquin. to know (i) tlie sjiaco through which the 
piston IS moved per imnute, (2) the size of the piston, (3) tho mean effective juessiue in tlic 
cylinder 

The pressure* in the cylinder is found by an instrument devised hy Watt, termed an indi- 
cator* It consists of a small cylinder 8 inches long and about 2 imlu s ni <h imetei, coniiiiitin- 
catmg directly with the cylinder, and supplied with a piston When the iiitsbure^in the 
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cylinder vanes, the piston of the indicator nscs or falls A pencil attached to the indicator 
traces a cuive on paper as the piston moves, from which the mean pressure of the steam can Jic 
calculated 

As an example, let us find the horse power of an enffino, the piston of which is 21 inches m 
diameter and makes 30 stiokcs per minute, the length of each being 50 inches, with a mean 
effective pressure of 10 lbs square inch — 


In one minute the piston moves through 50 x 2 x 30 inches =250 feet 

( 2 1 22 

— ) X- = 346 i square inches. 

2 7 


Mean jiressurc on the wliole jnston = 346 ^ x 10 lbs 
Tlicrefore the niimhcr of foot pounds = 3465 x 250 
And the horse power = 3465 x 250 — 330CXJ = 26 25 


STEAJil, LATENT HEAT OF See /Micnt Heat 

STEAIIKJ AC!Il> A f.itty acid ociurnng in most solid animal, and in some vegetable fats 
It crystallises m thin idates , atfii/C (156“^’ )it melts, and at a higher tcm^ieratiire distils witt 
p irtial dccompohitioii Eoi inula \Vith basis it forms salts called soa^is, the neutr.i 

slca}tite of bodfi (CjgHsaNaOj) is a component of ordmary washing boap 

STEEIi Scefion 

, STEEliYAED A form of lever with unequal arms, in which the power is moveable so a 
to allow the aim to be mcicased or diminished at pleasure It is a lever of the fiist kind, 11 
which the body wcigheil is close to the fulcrum Iii all cases the weight multiplied by its am 
must be eqiml to the jiroduct of the power by its arm, the levf r being puiposely so constiiictei 
as to have its own eeutio of grivity at the fulerqpi, 111 order that its weight may have n( 
influence on the indicatious of the instiument Hence if on the one side the inn of the weigh 
rcmainb the same while the weight vaiies, and on the othei the ])owir remains the b.vnie vvhik 
the arm vanes, it follows that the van itions of the jw>w<i ann will ho prnjioitional to the vana 
tions of the weight The principle of the steelyard wis applied in the Jiomati itatcm ^ 

S'l’ELLAll Hl’EC'''l'U 0 HC'OlMi' As the imigc of .v stir at the focus of the object glass 0 
the telescope is a point, some modification is ie<iuircd to enable the spcctioscopo to give a gom 
linage of its spectrum 'I’liis is elfoctcd by placing a eylindiie.d lens of short focus just witliii 
the focal point of the object-glass 'I’his draws the jioiiit of light into aline, and this hue belli' 
rcceiveil on the jaws of the slit, illumuiates it tluouglioiit its whole length, the piisins being tliii 
enabled to give a sjirfti 11111 liaving appreciable bicadth Dark or luminous linos can thus bi 
detected < Si e Sj>f(lios< opc ) 

ST EL^LD’S Ellllj A hiininous jihonomcnon frequently observed and descnbecl both bj 
ancients .and modi riis It is a bill of liic frequently seen 111 stoimy weather on the iigging u 
hlups, on the iioints of weapons, or the tops of the helmets of soldieis, cvi n on the baie he'Oii 0 
the tips of the fingers It is gi nerally noiseless, but sonietimi h is oecumpanied by a ro.iiing <' 
lussing noise It is faiiiqdy .a biaish or glow dischaigc of cleetiioity oil a large scale (Sei 
Hisdinrr/e ) 

STElvEOSCOPE (o-Tcpcos, solid , and irKOTreu, to view ) An optical instmracnt devised b’ 
Sir C, Wheatstone for illustrating the phenomena of liinociilar iision Two jiieturcs .are tikii 
(at the pi esent diy pliotogiaphy is the sole .igeiit eniplojed) from slightly different points o 
view, so th,at one may icpresent the view as seen by the laght eye, and the other the view seiii b 
tho left Tlie stcreoscojie is an instniment for prebentiiig these views, one to each eye, so .as t' 
produce the same optical elfeet as if the real scene wore being viewed In the reflecting stcre< 
scope a mirror is placed opjiosite each eye, and the pictures ire so arranged that eachisiefleetei 
hy its own mirror into the ojo for wliuh it w.is taken In tho rcfraclmg stereoscope the tw 
pictures arc mounted on a card, side by side, and are looked at through piismatic lenses whiel 
refract each picture apparently to tho same pkice where they coalesce The reflecting stire* 
scope IS the most perfect iiiEtiumciit, and is adajitcd for any sized picture, bu<‘ the refractin 
instrument is the most popular (See Binocular Vision ) 

STDRM See T^inda 

STOllM GLASS Some amateur observers have great faith in the “chemical weathe 
glass,” as some instrument inakeis term it, as a correct indicator of meteorological changes, ani 
they are likely to be conhiined in this view by the authority of the late Admiral Fit/ Eoy, vvh'^ 
found it “useful for aiding, with the barometer and thcrinoinetcr, in forecasting weatlicr 
“ Again,” lie says, m his “Weather Book,” “camphor glasses m proper positions and duly 
attended are most useful to a quick eye and skilled percejition,” page 232" There aie«ma"y 
other jiassagcs in the same work descriptive of its indications 
« TlK^foUowlng IS a commou recipe for making a storm glass . Toko 2^ drachms of camphor, 
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38 grams of nitre, and 38 grains of aal'ammoniac , dissolve in 9 drachma of water and 1 1 drachma 
of rectified spirit with a gentle heat Put the mixture into a long glass tube and close it with 
a brass cap with a small hole in it to admit air Other accounts say the tube is to be hermeti- 
cally sealed 

The instrument maker generally gives a paper containing the supposed weather indications 
of this scientiho toy It is not necessary to repeat them here, since Mr Tomlinson has shoisn 
conclusively (Phil Mag , August 1863) that neither electricity, nor light, neither wind nor 
cloud, have any action on the mixture, but that changes in temperature are alone roncerncrlia 
bringing about its vaned effects “ Tlie storm glass acts as a rude kind of therinoseopo inferior, 
for most purposes of observation, to the thermometer It does not seem to be capable of refer- 
ence to a standard, and hence observations made with it scarcely admit of being registered, 
although attempts at a scale are made by some instrument makers If, however, two or more 
of such eratluateJ iiistnuiicnts he ^daecd m and about a house, their indieatKins will vary 
considerably, aceordmg is they are more or loss exposed to the action of rwliation , and it is 
difficult to SCO how the glass can be protected from radiation exeajit by cnelosiiig it m another 
glass, and uTii'r^r such cut umstances its action will be aery feeble” “Two tubes contaimng 
the same mi ' lire were pi iced, one in the window, and the other in a test-glass uitliin a foot of 
the window , the hrst acted well, tlie setond did not act at all, on account of its cooling being 
inteifeied with by the shelter of the test glass , but on taking it out of the glass .ami j)!. icing it 
on the will low-pane, it began to act in a few hours, and has behaved well for many weeks ” ^ 

STORMS, l.xkW OF See 

STOllAI WAllMINGr A signal indicating the anticipated approach of stormy weather 
Although in uxtra-tropical latitudes it is difhcult to form certain deductions as to approaching 
storms, yet cort.am gem ral laws have lie^n detected which enable meteorologists to predict 
the couise of storms attually m progress, and, m some mstanct s, to annouiiee the approach 
.of a stoiiii A 1 irge proportion of the storms which visit Euiope come from the west and 
south-west, and therefore telegraphic commnnicationa from suitablo wcsteily stations may 
serve to pieiure more easterly stations for the approach of a stonn which is actuilly m 
progress at the fon or In like manner, tho intereliango of telcgrapliic eomnnuiieations 
respecting the barometric pressure at different stations may serve to indicate such 
distuibauces of atmusiihenc equilibiium as are not likely to pass away without stormy 
weathei 

The list of storm warnings issued under the direction of the Meteorological diqiartment of 
the Booid of Trade, not only to English ports but to the contiiieflt, exhibits so small a 
ppiportion of f.aiinros (cnnsulenng all the ciicumstonccs of the ease) .as to encourage a belief 
that time and experience only arc wanting to render complete tho svstem on which piedictions 
arc foiindi d 

STREAAI TIN. gee Tin 

STRONTIUM The metallic basis of strontia, one of tho alkaline earths , it was separated 
m the iiietalbc state by Sir U lJav3'- m l8o8 , it possesses a yellow colour, but is not so rlark as 
gold S|ieeih< giavjty 254 Atomic weight 87 5 SymbolSr The most important compound 
of strontium is tho oxide , — Sli onlta (SrO) This is a gi lyish white porous mass Specific gravity 
3 9 When w ater is poured upon it, combination taJees place, and it becomes very hot and crumbles 
to a wliite p iwde. of the hydrate of iUontium. (rirO HjO) This hjalratc is similar m its jiroper- 
ties to the eorrcspoadmgbanum and calcium hydrates. It dissolves in water, funning a strongly 
alkaline solution, which absoibs carbonic acid readily, becoming coated with a crust of msolublo 
caibonate When a hot, saturated solution of strontiais allowed to cool, it deposits the hydrate 
in needle shaped crystals Compounds of strontium communicate a red colour to flame, and 
when exainitied m the spectroscope give a spectrum containing characteristic led and blue 
Lnes 

STRENGTH OF MATERIALS Tho jiower of the solid materials, of winch structuTes 
are composed to resist forces tending to bend or break them Tho conditions wliw h dctennino 
the strength of solid bodies, and their power to resist forces tending to ]iroducf fracture, are 
found by experiment A force acting on a sohd body may tend to separate its parts in different 
ways The force may be — 

1 A direct pull, tending to produce extension , or, (when rupture results), to produce a tear* 
mg fracture 

2 A direct pressure, tending to produce compression, or a crushing fracture 

3 A force tending to produce distortion, or a shearing fracture 

4 ^ twisting or wrenching force 

5 A bending force, which tends to break the body across 

To determine fully the strength of a sohd, it will be necessary to find, in conneclilon wi^ each 
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kind of strain ,the ultimate or hieakiw/ load, the pioof load, or that which will jnst be home 
without impaling the strength of the material, and the safe or woikiTiy load Most structures 
would be__broken in. tune by a load which would not produce fracture at once , on this account 
and to provide for unforeseen contingencies, the working load on each piece of structure is 
made less than the proof load, in a certain ratio determined by practical experience The piac- 
tice of engineers is by no means uniform 

Experiments to test a piece of material arc conducted in two ways If the solid body is to 
be afterwards used, the experiments must be so made as to avoid impairing the strength , if 
the body is to be saenheed for the sike of ascert lining the strength of the niatcrial, the load is 
to be increased by degrees until fracture is produced To determine the proof strength much 
time and care is required The load must be reiieatedly applied and removed, and its effect m 
altering the fignre of tlie material observed after removal If the alteration does not sensibly 
increase by repeated apjilications, the load is witlim the hmit of proof stiength By gradually 
increasing the forces applied, tuo loads ivill at Last be found, one of which is under, and the 
other hejond, the proof strength Mr Eairbaiin has made a sciics of expeiiments on the proof 
strength of wrought iron girders, and has found that, when the load applied was one fouith of 
the breaking weight, the beam withstood 596,790 successive applications of it without per- 
ceptible ilteration , when the load was tvi o sevenths of the bicakmg load, and .applied 403,210 
times, the beam showed a slight increase of pcrni.incnt set , when two fifths of the brealcmg load 
■«£• applied the giider broke after the 5175th trial 

It M as formerly supposed that the production of a set or change of figure, which coutmues 
after the removal of the lo.ad, was a sign that the proof strength had been exceeded , but Air 
Hodgkinson showed that this was not the case, masmuoh as any load, howevet sm.ill, produces .1 
net 111 almost all materials The strength of wrought iron, to resist strctcliuig and teaniig, is 
greater than the power to resist crushing The stiength is measuied by the area of acioss 
section multiplied by the failor 0/ she itr/th, detcimiiicd by experiment (ilood wrought iron 
will resist a tension of 22 tons per square inch, and <a ciiishing force of 16 tons, but cast irun 
Will not resist a tension of imiie than 74 tons, while the crushing strength exceeds 40 tons pi r 
equaro inch of section According to Mr Hodgkinbon’s experiments the lesistaucc of cast iron 
to crushing is more than si « tunes its tenacity Homogeneous iron and steel are twice as 
strong as common wrought non Experiments made at Mr Kirkcaldy’s testing woiks in 1S66, 
ehowed that a bar of Hou ell’s homogeneous non rcipiircd 44 6 tons to tear it, but the power to 
resist compression was not propoitioiial to the tenacity 

Among diffcient specimens of dry wood of the same kind, the densest aro the strongest 
The stretching strength in the direction of the giiin is greater in those kuidb of wood which 
ha\e the fibres longest, and most distinctly marked The tenacity across the gram is always 
much less than that along the grain Tue resistance to crushing m diy timber ranges from 
one-half to two thirds of the tenacity, and is twice as great for dry timbei as for green timber 
The tendency to cross-breaking is somewhat more than the tendency to tearing 

STTtYCHNlXE A vegetable alkaloid cxtr.ictcd from J\ux Vomica, and St Ignatius’ 
beans, &o It cry stalhses m white prisms which are permanent in the air Its composition w 
CsiHssNgOj It has an intensely bitter taste, and is extremely poisonous It is very slightly 
soluble m water Strychnine is a powerful base, and umtes with acids forming well ciystalhsed 
salts 

SUBLIMATION A kind of distill.ation when the substance submitted to heat rises m 
vapour, and condenses not as a liquid, but as a solid, either crystalline or pulverulent The 
product 13 called a sublimate, thus sulphur forms a Mibhmatc known as floweis of sulphur 
Perchlonde of mcicuty, iodine, &c , forms crystalline Buhhmatcs The former of these is called 
corrosive sublimate 

SUBMAGNET An unusual name for the keeper of a magnet (See Aeepa ) 

SUBMAllINK TELEGRAPHY See Cable, JSubmanne , aad Tdcgt aph 

SUBMERSION FIGURES OF LIQUIDS Under Cohesion Fajures of Liquids will be 
found a notice of the figures produced, when a drop of a liquid, such as oil of lavender, is 
gently deposited on the surface of a liquid such as water In such cases the drop so deposited 
must either be less, or must not greatly exceed in specific gravity, the surface on which it is 
deposited When the drops are much heavier than the liquid on which they are deposited, and 
this hquid has considerable depth, as when contained in a cylindrical glass, the drop sinks 
below the surface and foims beautiful, striking, and complicated figures, as when a drop of 
fousil oil diffuses in a column of paraiBn, oil of lavender m spirit of wine, croton od in benzol 
orm paraffin, cochineal in alum water, benzol in ether, bitter almonds in benzol 
tions and ^aynngs of these and other figures are given by Mr. Tomlmson in the Phil 
for Juflj and November 1864. 


sue 


519 


SUL 


SXJCCI^IO A.CIU (Succtiiu?tiff aml)cr ) A. \olatilc acid first obtuned fioni lUubcr, but 
generally prepared by tbe fermentation of malic acid It cr\ stallisca iii pi isms mIikL aie per- 
manent in the air, tolerably soluble in water, less so in alcoliol, and almost ui-ohible in cthei 
Formula, C4H,,0^ Melting point, i8o“ C Boiling point, 235° C It unites with bases, 
forming a well defined senes of salts 

SUCllOSE Another name for cane sugar (Sea Sugar) 

SUCTION PUMP To raise w iter from a depth, if not exceeding about twentj fi\e feet, 
the suction or “house” pump is often employed Its action dcptmls upon the atiiio'^pheric 
piessure, and is based upon the fact (see Haionut'’i) that the pressure of the iir will suppoit a 
column of water about 53 feet 111 height The suction pump consists of a cvhiidor open at the 
top into which a piston fits, piovidcd ivith a \alve opening upwards The botti'ia of the 
cylinder is pierced by a tube which reaches down to tlie witer winch lias to be raised Where 
this tube enters the cylinder, there is a \ .al\e opening npwirds The piston i« woikcd up and 
doivn I1J' oy convenient lever handle To stait the pump it is ncccssaij that tho \ lives should 
bo nearly perfectly airtight, so that, afU»r a pump has been out of use for some tunc, it is 
necessarv tli 1 1 the v al v c's, which aie usually made of le itlicr, shouli] be w etted AV'lir u 11 jvv the 
piston IS rai d, the elasticity of the an m the cylinder and tube beiicith is diininishcd , conse- 
quently the an, pressing npiiii the watei in the ivcll, will foico the I itti r up the tul)c Where 
tho piston descends the lower \ live closes by its weiglit, and the an between it ami the piston 
IS forced thromh the valve of the latter This goes on until, by successive stiokcs, the water 
is brought into the cylinder Tin 11, when the piston di set mis, tin witir in the lyliiidci clcTses 
the lowci valve, and is forcecl through the jiistoii’s valve, ind coiiscuncnLly lifted when tho 
piston 13 lifted It escapes through an opening m the top of the rjlindi 1, 01 of a pip 111 con- 
tinuation tlicicof If the valves, &,c , were perfect, it woiilil be iiossiblc to ruse w.iter by 
means of rlic suction pump to the height of the water baiomctiicil column (siy 35 fcit) at 
wh eh height tho wciglit of the water would keep the atmospheric pressuro in equilibrium 
Fiactically such pumps arc useless for depths exceeding 20 to 25 feet 

SUOAIl Thistcim la apjiliud to scvcial < aibohjdratcs of vcgctahlo oiigin which have 
many piopcitics in " nnmon They \ic sidnhle in w<iti 1, in genei il ciystallisabJt, have a sweet 
taste, art neutral to test paper, and their solutions lotate tlio plane of poJaiisation of a lay of 
light {Saa SitcrhutomeU ! ) The subst nice to which tins runic is genciilly applied is canc- 
sugar or sucrose (t ’jol IjjOjj), exti toted from cine jmee, beet jiiice, &.c It rotate s tlio jil tno of 
poUiisatuin to the right Amongst othei sugars arc dextrose or giaiic sitgut (C'ljIIj^l^n) , 
iosc, which IS one of the c< nstitucntsof fiuit siig tr or iiivei ted sngai Uilfli rtlic iiiHuciuc of diluto 
acids, or long boiling w itli witcr, cine sugar is converted into wh it is i allud uivcitcd sugai, a 
mixture of dcxtiosc ind I i vulosc It is called inve ited, bccaiisi the left hamli il rotation of the 
laivulosc IS greatii than the light hindcil rotition of the dextrose ITiidtr tho influence of 
ferments sugar’is toiivertcd into alcohol and cirbomc acid Sugar forms several crystallmo 
compounds with lime 

SFUAli OF LEAD See Act talc of Lead 

hUL Vl’H 'T (Arabic ) The stai 7 of the constillation Lyra 

SULl'lIATES Combuiationsi of sulpliuiic acid and bases are called bulphatcs The most 
important are tho following — 

SuljiUaU of Aluminium (A],03 3SO,) Thin is prepared in an impure state on tho large scale, 
and sold as conce itiated alum It foims a eiystallmc solid mass, whuh has i tiste somewhat 
resembling alum, and is readily soluble m water It forms double salts with otln r sulpliatee, 
which are known under tho gencr.vl name of alums Of these the potassio-aluuiiiiie sulphate, 
or potash alum, and the anunonio alumime sulphate, or ammonia alum, arc of importance (See 
Alum ) 

Sulphate of Barium (BaSOJ occurs native as the mineral hcaiy spar, sometimes crystalline, 
sometimes ina&srve It is prepared aitiheially by adding a soluble sulphate to a soluble barium 
salt It IS a heavy, white, amorphous powder, insoluble m water and acids Specific giavity, 
45 ^ pigment 

Sulphate of Calcium (UaS04 anhydrous, and CaSO^ 2lIjO hydrated ) The anhydrous salt 
occurs nativo as anhydrite, and is laigely used in commerce under the name of gypsum, or 
Plaster of Pans It is a white powder almost insoluble in water When mixed with a small 
quantity of water, so as to form a thin paste, it gradually thickens, and, in the course of a few 
minutes, solidifies to a hard mass of hydrated sulphate by absorption of water Owing to this 
property it is of great use in taking casts and moulds of objects The hydrated sulphate of 
calcium is met with in nature under the name of selenite and alahaster 

Sulphates of Chromium These are ummportant by themselves, but they form^double salta 
With other sulphates, which are known under the name of chrome alum. (See Alum ) ^ 


SUL 


620 


SUL 


Sulphate of Copper (CuSO^ SHjO), called al% blue vitriol and copper vitnol This w of a 
beautiful blue colour It crystallises in large oblique prisms, which effloresce slightly in the 
air When heated to 200° C (392“ T ), the water of crystaUisation is driven off, and the whito* 
anhydrous sulphate is left This has a very powerful affinity for water, a trace of moisture re- 
storing the blue colour On this account it is sometimes used for detecting the pre‘?ence of 
water in alcohol and other liquids, or for dehydrating them Sulphate of copper dissolves readily 
in water, but is insoluble in alcohol and ether It is largely used in commerce It unites with 
ammonia, forming a comiionnd OiiSO, 4'N'Hj HjO, which is precipitated in crystals, when al- 
cohol IS added to the rich blue solution formed when ammonia in excess is added to sulphate of 
copper 

Sulphate of /i on, known also as green %ttriol or copperuf (FeSO^ yH^O), occurs in well- 
defined piismatic cry-tals, of a pale green colour, readily soluble in water Both the crystals 
and solution gradually absorb oxygen from the air, with formation of a reddish-yellow basic 
sulphate It is largely used in dyeing, in the manufacture of ink, Prussian blue, &o , and, 
owmg to its ready absorption of oxygen, it w emjiloyed m the labonitory as a reducing agent 
Sulphate of Lead (PhSOJ This is met with in nature as the mineral Anfjlcute It is pre- 
pared artificially by adiling a soluble sulphate to a soluble lead salt It is a heavy white 
powder, insoluble in water, but slightly so in dilute acids 

Sulphate of Magnesium or Upborn Stilts {MgS04 7U2O), occurs native as the mineral Epsomite 
It crystallises in four sided needle-sliapeiVpnsms, which arc permanent m the air, and are very 
soluble lu water, but difliciiltly so m alcohol Their taste is bitter and nauseous 

Sulphate of Manganese (MnSO^) forms very small crystals, of a famt rod tinge, very solublcm 
water 

Sulphates of Mcrcni y, Mereui ic Sulphate ioTm'i colourless prismatic crystals, which 

are decomposed by water into an acid and a basic salt The b^isic salt is a lemon yellow powder 
slightly soluble in water It was formerly called turbith mineral Its formula is 3HgOSO, 1 
The mercurous sulphate (HgjSOj) is a white crystalline powder, very slightly solubh' in witer 
Sidphatc of Nitld (NiiiOj ClTjO) crystalhses in emerald green octahodra, which dis-oho 
readily in water, and effloresce to a white powder m the air 

iJttfpAafc o/6’oi«fi (C0&O4 forma red pi ismatic crystals, which arc tolerably soluble in 

water, and effloresce m the air, forming a rose coloured i>owdcr 

Sulphates of Potassium The neutral sulphate (K^SO^) crystallises in four sided, colourless, 
hard pnsms, ^ilightly soly;ble in water When heated, they decrepitate violently, and, at a full 
red heat, melt 

Bisvlphate of Potassium (KIISO4) crystallises from its solution in octahedra, which melt at 
197" C (387’ F ), solidifying to a white ciystaUinc mass It ?s very soluble in watci, but is 
decomposed by a large quantity 

Sulphate of Sodium OT Glauber's salt, is prepared in enormoius quantities in the 

manufacture of carbonate of soda, and in othci chemical manufactures In the crystalbno state 
1 , forms 1 irgc colourless pnsms, which cont.un ten atoms of w iter It has a bitter coohng taste, 
and dissolves readily in water Its solutions exhibit in a high degree the phenomena of siipcr- 
satnration The crystals effloresce in the air, and below the boihng-pomt of water become an- 
hydrous 

Sulphate of Strontium (SrSO^) This is met with native as the mineral cirlestin It is pre- 
pared artificially by adding any soluble sulphate to a soluble strontium salt It is a heavy 
white powder, almost insoluble m water, but sufliciently so to form a prcci2>itate when its solu- 
tion is added to a barium salt 

Sulphate of Zinc (ZnSO^ 7TIjO), known also as white iitriol, or zinc vitnol, ciystalhses u 
nght rhombic pnsms, which, aie easily soluble in water. It is used m medicine, and al&o in 
certain manufactures 

SULPH-INDIGOTIO AOII) Indigo dissolves in fuming sulphuric acid, forming a conju 
gate snlpho-acid of the formula CgH^NO SO3, which is soluble in water and capable of fonning 
salts, winch are, however, not very definite or crystallisable 'The acid is used in the laboratory 
as a reagent and the potassium salt is used in dyeing , it is a copper-coloured deliquescent mass 
soluble in water, and forming an intensely blue solution 
SULPHITES Combinations of suliihuroua acid with bases are called sulphites The 
following are the most important 

Sulphite of Ammonium ((NH4)4S03 HjO) is a white crystalline salt having an alkaline 
reaction • 

Sulphite of Calcium (CaSO, 2H3O), crystallises in six-sided prisms, and is difficultly solubie in 
water It isMometimes used as an antiseptic 

Sulphifas of 'Potassium The neutral salt (K3SO3 2H3O) is a deliquescent ciystaUme salt 
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The acid sulphite (K2SO3 SOj) forms hard granular crystals which are soluble in water and 
^re permanent in the air This salt is of frequent use in laboratories as a reducing i^ent, and 
as a convenient source of sulphurous acid, which is evolved from it in the gaseous state on the 
addition of a mineral acid 

SULPHO ACIDS When strong siilphuno acid is added to many organic compounds, it 
unites with them, forming conjugate acids, svhich aro known genei%lly as sulpho acids, and 
specially by the name of the compound with the prehx sulpho , thus we ha'ic sulpho benzolio 
acid, sulpho succinic acid, &c 

SULPHO CyANIDES Compounds of sulpho cjaiiic acid (CNHS) with bases, or snlpho- 
cyanogen (CNS) with met.il3, are called sulpho-cyanides The ouly ones of importance are the 
following — 

Sulpho cyanide of Potassium (KONSl crystallises in long needle-shaped prisms, which are 
deliquescent, easily fusible, and vciy soluble 111 water and alcohol 

Sulpho ii/anide of Amimniuni {(N 1T,)('XS), cijHtallisos 111 Wgi colourless plates which aro 
very soluble m water tVhui this silt in the powdered state is suddenly stii red up with its 
own wc'ght f hot w’ater, so great a reduction of tempo! atnre takes place that tho solution 19 
lowered to '^10 freering point These two salts have been proposed for use 111 photography owing 
to their piopcrty of dissohing chloiule of silvet 

Sufpho-( i/irnuJc of Iron When a sulpho cy iiiidc is added to a per silt of iron an intense 
blood reu solution is formed This is a very delicate test for iron, and is of frequent employ- 
ment in the laboratory It is scaicely known ni the solid state 

SULPllIIK A non-mctallu element known to the aueieiits When pure it is a brittle 
lemon yellow solid Spccilic giavity 205 Atomie wtight 32 Symbol S It melts at 
120° C F ) forming a pale > ellow liquid, and at 440' C , it boils , between these tempera- 
tures it jets dark and viscnl, until at about 220” O (428“ F) it hostile consistency of thick 
tieacle , above this tcmpcratuie it gets thinner again It assumes many allotropic conditions, of 
which the most rem likable are the following — - 

Common Sulphui crystallises re idily m octahedrons, and dissolves easily in disulphide of csibon 
Pnsmatu Siilp/i r is of a yellowish brown colom Speciho gravity i 38 It dissolves leadily 
in disulphide of carbon. 

AmotpJioui Soluble SidjiJiur is the form in which suljdmr is pri cipiLitcd from its solutions by 
aculs 01 by the sudden cuudeiiaatiou of its vajHiur It is leadily cemverted mto tho noimal 
octahedr il vaiiuty 

Amotp/iou‘~ /iisoluble Sulphur is a soft magma, obtained whe>n disulfAide of chlorine is decom- 
posed with water , it is insoluble in disulphide of carbon 

Plastic /ll•iolitbh‘ Sulphvi is obtained by heating ineltid Milpliui to a temperaturo of about 
270° (/ (518" F ), and then pouiing it into coMvv iter fn this state it is a soft, yellowish-biovvn 
elastic mass wliieh (-in be' kneaded between tho Jiiigcia and moulded into any fojui , it giadually 
becomes eonv cited into ordm iry sulphur on stauduig 

The ox > gill compounds of sulphur are numerous Tho mobt important of these are the 
following 

Oxidts of Siiliihur Sulphur unites with oxygen m many proportions forming acids , of those 
we need only mention the following — 

<Sidy)/iiii Old jbit/, sulphurous oxiiJe, or diotidc of sulphur (SOj), is formed when sulphur is 
burnt in the air 01 in ox j gen gas It is a colourless heavy gas of a jieculiar suffocating odour, 
more than twice as heavy as atmospheric air, and very soluble in water When cooled in a 
powerful freezing mixtui o or condensed under a pressure of three atmospheres, sulphuroua 
acid liquefies to a colourless mobile liqmd of specific gravity I 45 , under tlie ordinary atmospheric 
pressure this boils at — 10° C (14° F ) When cooled to — 73“ U , it solnlihes to a white crystal- 
line mass Sulphurous acid has a considerable tendency to absorb oxygen, forming sulphuno 
acid It IB largely used as a bleaching agent and as a disinfectant Sulphurous acid unites 
With bases, forming a well-defined scries of salts winch arc known as sulphites, which seo 
Sulphuric Acul Anhydrous sulphuric acid (SO3) or, as it is sometimes called, siiljihuric 
anhydiide, forms beautiful white needles like asbestos Its alhiuty for water is very great, and 
when dropped mto it it hisses like a red hot iron Its comhmation with water is called Snlphurut 
And or Oil of Vihid (SOj HjO), which is an oily colourless liquid, boihngat 327" O (620 s“i ’ ), 
possessing a specific gravity of i 84 , it has a very powerful allmity for water, and when exposed 
to the air absorbs moisture rapidly On this account it is of great value m the laboratory as a 
desiccating agent for gases When mixed suddenly with water, tho temperature rises greatly, 
Bonetimes as miich as 100° C Its affinity for water is so great that it takes it from organio 
substances, such as wood, sugar, &c , in which it is supposed .lot to exist ready fo^ed hut only 
m its elements. Under the powerful influence of tlm acid these unite and aiu withdrawn, 
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liberating the carbon A drop of strong sulphuric acid left for a few minutes on almost any 
oig'amc compound carbonises it, leaving a charred stain, Oil of vitriol dissolves the anhydious 
acid, forming what is known as fuming sulphuric acid On the large scale sulphuric acid is pre-" 
pared in enoimous quantities by a process somewhat as follows Sulphur or iron pyrites (sul- 
phide of iron) is burnt in piopcrly constructed furnaces, and the resulting sulphurous acid 
together with nitrogen and excess of an- are earned into a large chamber made of lead, having a 
capacity of sometimes 100,000 cubic feet On its passage there, the sulphurous acid takes 
up nitric peroxide (NOj) and inside the lead chamber steam is admitted A reaction here takes 
place between the suliihurous acid and the mtiic jicroxido by which the latter is re- 
duced to nitiic oxide (NO), and the bulphuious acid is oxidised to sulphuric acid and 
unites With the aqueous vapour The reaction may be expressed by the following equ:> 
tion, NOj -1- SOj H- HjfJ = IfjSO^ -f- NO As soon as the nitric oxide is formed it 
absorbs oxygen from the air which is present, and becomes again convcited into nitric peroxide, 
which immediately passes the additional atom of oxygen to another portion of siilphuious acid, 
and so on, a small portion of nitric peroxide thus oxidising an mdchnite quantity of sulphurous 
acid, as it acts merely as a earner of oxygen The hijuid whuli condensi s on the floor of the 
lead chamber IS then di awn off, and concentrated by evaporation until it attains the specihc 
^avity of I 7 , this is then tranafciTcd to glass or platinum retoits and boiled down until it 
attains the spctihc gravity of i S4, when it becomes what is known in couimeicc as oil of \itnol 
Sulphuric acid is the stioiigcst known acid at ordinary temperatures, and it unites with all 
bases forming salts which arc called sulphates When wlded to salts of other .k ids it displaces 
them, taking poshcsbion of the base, cxce2jt m the case of boinc jicrfectly insoluble cuuqiuunds, suih 
as ccitaiu silicates At a high tenilicratnre, however, some other acids, such as silicic and boracic 
acids, appear stronger than sulphniic, as, owing to then diminished volatility, tliey remain fixcil 
at temiieratiircB at which suliiliuric acid cannot exist uucombined For a dcsciqition of the most 
important compounds of this acid, see Sulphates 

There are several other sulfihur acids, which are, however, unimfiortant Their names and 
formula: arc/ivji<3-?ulp/u(i ous acid, HjSjO,, also called thio siilijhuric, or dithionous, or sulphuretted 
sulphurous acid IJithionic or hypo sulphiOK acid II_;S/),, Tiithioiiicors»//7mK«cd hypo-tiil- 
ic anti, I IjSjOg Tctiatluoiiic acid, and Peutatliionic acid These all 

form salts, only one of which {J/i/poiidphite of kodiuni, which see), is of any imjiuitauco 

Sidphidti, combinations of sulphur with othci elements, especially the metals, are called sul- 
phides Thobe of special iiiiporUnce ar<' dcsciibed under the diftercnt metals Some metallic 
Bulphides appear to act aAiuds, whilst othcis act as bases, aiidthcso can unite with each other, 
foiming detinito and sometimes well crystallised compounds, which are called sulphur acids 
These are analogous to the oxygon salts, the sulphur merely rcjilaciiig oxygen 

Sulphur unites with chloiinc m sevei iliirojiortions, the disid/j/udc of V/donne ((IkSj) sometimes 
called jirotocliloiido of suliihur, is the must iiujxntaut It is formed when qjiloriiic gas is passed 
over sulphur and the jiroiluct rectihcd When puic it is a reddish yellojv liquid, fuming sti oiigly 
in the air and having a disagreeable iienetratiug odour , it boils at 136° C ^277° F ) , its specihc 
gravity is i 68 Tins comiiound is 1 irgcly us,J in the manufacture of vulcainaed india rubber 
SJLPIIUll, ACTION OF IjICHT ON According to M Lallemand, buliihui is con- 
verted into an amorphous variety by the direct action of sunlight, iiiismiich as sulphur, pre- 
viously soluble m sulphide of carbon and ciy'stallisable, is converted into an amoriihous modih- 
cation, msolublc m sulplnJe of caibon A concentrated solution of sulphur in sulyihidc of 
carbon is placed 111 a sealed tube, and the tube is exjioscd for some time to the actiuu of the 
eun’s rays, concentrated by a leiis , this causes a copious precipitation of sulphur os an 
amorphous insoluble powder 

SULPHUllIC ACID See Sulphur 
SULPHUIIOUS ACID See Sulphur 

SULPHUII, SPECTIIUM OF In a Geissler’s tube, sulphur, when warmed and rendered 
incandescent by the passage of an induction current, gives rise to a s{iectrum of bright bands of 
Plucker’s first order, when strongly heated the bnght bands give place to bright Imes, the 
Bpectrum changing to one of Pluckcr’s second 01 der 
SUMMER See Seasons 

BUMMER CLIMATES See IsotJierals , Isothermal, Climate, See 

SUN (Derivation uncertain ) The central and controlling orb of the planetary system, 
the source of light and heat to this earth and all the other globes which form that system 
The sun has a diameter of 852,9CX) miles He is either perfectly spherical i]\ shape, or so 
nearly so that no instruments we can use could exhibit any diSerence which may exist 
tween his polar and equatorial diameters The opimon of astronomers on this pomt is not 
founded on tht mere measurement of the solar disc, but on a companson of all the obserra- 
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tions mado upon the sun at Greenwich and other leading obaervatoncs , insomuch that, as was 
well remarked by the Astronomer llojal, any measurements exhibiting a difference botw etii the 
Bun’spolarand equatorial diameters would simply establish their own iiicvactness 'I’he volume 
of the aun exceeds that of the earth no less than 1,252,691 times His mean densitj is almost 
exactly one-fourth of the earth’s , so that his mass exceeds the earth’s 315,000 tiints Jfe out- 
weighs all the planets together about 750 times Gravity at his surface exceeds gravity at the 
earth’s 27 i tunes , so that a terrestrial pound woulil weigh nearly i quarter of a hundred- 
weight if removed to the sun’s surface, and bodies let fall from a height ot 436 feet wonhl reach 
the sun's suifacc m one second, and have aci^uired m that time a velocity of S72 feet per 
second — that is, of about ten miles per minute 

The sun rotates upon an axis inclined 7° 20' to the plane of the cchptic, but considerably less 
to the mean plane of the planetary motions Owing to the iiichncd position of his avis, his 
equatoi is sometimes presented to the earth as a stiaight line, at otheis somcw'hat bowed north- 
wards 01 siiuthvvaids The curvature is veiy bm.dl, even at its iiia\imiim On about the Qth 
of Uecembei and the 7th of June the sun’s equator is seen as a stiaiglit line inclined 7“ 20' to 
tile ecliptic, the eastern extremity being north of the ecliptic at the forinei date, and south of 
the ecliptic ‘t the lattei On or about September Ilth, tlie solai equitoi evhiliits its greatest 
curvature, its convexity being soutliwaids, ind the general diieetion of the solai equator coin- 
ciding at this time with the ecliptic A similar appearouee is pneseiited on or about Maieh 10, 
but the coiiv exity is now turned northwards 

The rotition of the sun, as deteimmeil by the motion of the solar spots, would ajipcar to vary 
according to the solar latitude, though, of course, in reality there c m be but one rot.ition 
period, and the dilfeienccs actually observed arc due to the piopii motion of the solai spots 
VVe owe to the labouis of Oarniigtou the iliscovery of this inteicstmg ii latinn He assigns the 
following foimula for the movement of a spot in 2411. of mean solar time m solar latitude I — 

865'—! 65' sin 

Thus the time of a complete revolution of a pomt on the sun’s equator, as viewed from the 
earth, would be alniont exactly 25 days , but, considered with reference to the celestial sphere, 
a ooiuplcto revolution of such a point takes jilaco in about 24 2 days Sir iTolm Herschel adds 
to this that the complete revolution of a spot m solai latitude 15° takes pi ice in 25 441! , and 
that of a spot in latitude 30" takes jilace in 26 24d These van itioiis seive to iccoiiiit for tho 
discrepancies m tho observations made by ycheiiier, Ui iiichi, Lvugioi^ llel iiiibie, and otlicis 

The Solai S/jols Soon aftci the invention of the telescope it vv is diKcovcred, iiulejieiideiitly, 
by Galileo, labin lus, and Fr Schemer, tlcat the disc of the sun is maiked by spots 01 mMulce, 
These objects were explained in different ways by the astronomeis of those il.iys Sonic sup- 
posed that they are^ planets of great si/c tiavellmg close to tlio sun, and a naiiio was letually 
given to these imaginary bodies , they were called tho Horboiiun stars, m lioiiom of the royal 
family of France Galileo, and afterwards Hovelius, suggested that the spots may bo duo to 
the presence oE scum, or scot nr, upon tho suif ice of solar seas La Jlire tliought that thiio are 
dark bodies beneath the solar oceans, and that, when these are c,lriied nciii the snrfaci , wc see 
them through the semi transparent liquid Wc owe to Ur Wilson, of Glasgow, the reeognition. 
of certain ]>eeulianties of ajipearance presented by sonic at least of the solai spots, winch would 
eecm to mJicato that they aie cavities or depressions beneath the general level of the sun's 
surface He noticed that a large spot, winch was visible during the litln part of the year 
1769, changed in appearance as it appro lehed the edge of the solar disc in a 111 innei wlneli was 
not consistent wuth the view that tho spot was a mere sui-faee stain The dusky penumbra 
which surrounded the dark umbra of the spot should have been narrower on the side towards 
the edge of the disc, but, instead of this, that put of the pennmhra was markedly the wider 
It appeared to Wilson that this peculiarity was best explained by the theoiy that a spot 13 a 
cavity with shelving sides and a level bottom , and th it, when a spot approaches the edge of 
the solar disc, the line of sight directed towards the further side of the sjiot meets the sloping 
Bide of the cavity more squarely, so that that side appears widest These views were confirmed 
bj the researches of Sir William Hersohcl m 1777 Observing the saiiio general appearances 
which had been noticed by Dr Wilson, he was led to explain them by a theory according to 
which the material in which a spot-cavity is formed is neither gaseous nor liquid Ho argued 
that the long continuance of the spots, and still more the relative pcimaneiice of the faeulous 
ndges arouni} a large spot, show that the matter in which tliese peculianties present thuinselves 
has not the mobility which we associate with gaseou^ and liquid substances He therefore 
suggested that the sun is surrounded by two strata of clouds, suspended 111 a transparent atmos- 
phere at diilereat elevations. The upper stratum he supposed to be self lunu/ous, and to be 
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the true source of the solar light (or the photosphere, to use the convenient term adopted by 
Schrotcr; The lower stratum he regarded as opaque, and only rendered luminous by the light 
■which falls upon it from the upper stratum When an aperture is formed in the outer stratum" 
we see merely a penumbral spot, because the Icwer stratum is revealed, and this stratum, 
though less luminous than tlie outer, is yet capable of reflecting a large amount of light When 
an opening is formed through both layers, the upper stratum being removed over a 1 vrgei area, 
we see a penumbral fringe, formed by the lower stratum, and through the smaller opening in 
this stratum we see the dark body of the sun Where the opening in the upper stratum is no 
larger or less than the opening in tho lower, the •■.pot will exhibit no penumbra, but be uni- 
formly dark all over its extent 

The progress of recent researches by no means favours the suppositinn that the body of the 
sun IS daik, as Sir W Hcrschcl supposed On the contrary, it scorns certain that throughout 
tho whole globe of the sun the most intense heat prevails, and that even though portions of that 
globe may be solid or IiijukI, they owe the existence of those conditions, not to rclatiio 
lowness of temperature but to the enormous pressure to which those portions are subjected 
Among the more modern views respectmg the nature of the solar spots, those which have 
been expressed by M Faye on the one part, and by the astronomers of the Kew Observatory on 
the other, deserve special mention, as indicating the direction in which modem science is looking 
for an explanation of these perplexing appearances 

According to M Faye the sun’s interior is g.wcous, intensely hot, but of low radiating 
power , while tho photosphere is at a low er tcmpeiature, but possesses a high radiating pow cr 
Thus, if the outer photosphere be thrust aside by an up-rush of aapour, we see a daik spot, 
because the light received from the interior is relatively small According to Messrs De L v 
Ene, Stewart, and TiOewy, the appearance of as^iot is due to a diminution of teinpeiature caused 
by a down rush of cooling vapour 

Between these two theories it seems not difficult to decide, though doubts will still remain 
whether either one or the other hujijilies the tine interjiretation of spot jihenomena M Faye’s 
theory seems completely disposed of by lialfoiir btewart’s theory of exchanges, according tq 
which it should follow that were the interior of the sun really constituted as M Faye supposes, 
we ought still to receive as much light where the photospheie is broken open, since the photo- 
sphere on the farther side of the sun would send us its light, and whatever proportion of light 
the gaseous interior was capable of absorbing it would in turn supply 

But there can be no doubt that the problem is one peculiaily susceptible of treatment by 
spectioscopic analysis ®i 1866, Mr Lockyer made some observations which seem to bear 
most importantly on the subject He found th it the absorption bands belonging to tho solar 
spectrum were not only visible in the spectrum belonging to the light fiom a sun spot, but were 
apparently increased in thiekncss These observations havo since been confiiTiiod by hir 
Huggins It would seem to follow, as a legitimate conclusion from them that the spots are 
really caused in some such way as Messrs De La Rue and Stewart have suggested as tlie best 
interpretation of their long sciics of stilar observations The whole subject still remains full of 
per ’exity, however , though it may well be hoped that the researches of the next few years 
will serve to throw much light upon the problem 

A few words may be added respecting the general appearance and changes of appearance of 
the solar spots The observation made by Dr Wilson, though doubtless true of the 7>articular 
spot he watched, and also confiimcd by obseivations made in modem times, yet is not to be 
regarded as indicating a jicculianty always observable On the contrary, several eminent solar 
observers, and amongst others the Rev hfr Hewlett, (whose persistent observation of sun- 
spots merits all pi aiso), have noticed that many sun spots approach the edge of the solar disc 
without exhibiting any of those characteristics which led Dr Wilson to regard sun spots as cavi- 
ties with shelving sides 

Some spots havo been obsera ed to change very rapidly in form, in particular, shortly before 
disappearing But large siiots have remained visible for a considerable time In 1779 a spot 
remained visible for half a year Schwabe has even seen a group of spots pass eig'htccn times 
across the sun’s disc before disappearing, a fact which would indicate a continuance of more 
■than fifteen months 

At cei-tain seasons spots are more numerous than at others Schwabe was led to study this 
peculiarity, and was rewarded by the intcrestmg discovery that the spots increase and diminish 
in frequency within a period of about io 4 years (Wolf has since shown that the more exact 
value of the period is years ) And it has been further discovered through the researches 
of Lamont, Sabine, Wolf, and others, that this period corresponds with the penddic vanatiouiof 
the diurnal detonation changes of the magnetic compass 

The Faci(2(E.''^he3e are bright streaks commonly seen m the neighbourhood of spots which 
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are approaclung the sun’s limb Secchi sajs that though thcyajipcar bright in this position 
they are not in reality brighter than the eentre of the sun Tlie baiiio emmciit bolai observer 
believes them to be immense waves of matter mdicatmg the distui banco to \vhich the foimation 
of a spot IS clue Messrs lie La Hue, fcitewart, and Loewy, consider the f leula, as probably 
consisting of solid or liquid bodies slowly subsiding in a g.iseous medium From tin ii falling 
behind the simts it is inferred that they were originally lifted aho\o the general level and m the 
process fell behind hccaiise coming into regions of more rajtid rotation 

y/te Giaiiitks The suns auifacc, when carefully studied under high powers, is found to 
cvliihit a granulated texture Different observers use different modes of illustrating this 
textuie Least exact of all, peih.ips, is the illustration according to which the sun’s tuif ice js 
represented as covered with masses reaemblmg willow leives inform All the best observers, 
Dawes, Huggins, Loekyer, Secchi, &c , eoneur in regarding the general shape of the granules 
as irrogulir, anri not coniiiioiily elony ited except in the neighbourhood of the spots 

SUN, DISTANCE Ob' THE The deteianmatiou of the sun’s dist ineo may he regarded 
as the funiimental jiroblem of prietieal .estioiiomy, smee on the boliitioii of this piobleni 
depend all om estiinatis of scale, eitliei ns respects the solar system or the stell u distances 
'The methods which bare been used for determining the sun's distance are — i Obsei rations 
of the transits of Venus, ^seo FtiiiM) , 2 and 3 Observations of the pir illav of Mars, accord- 
ing to two different methods, (seo Mfm) , 4 'Jlie conipaiison of the velocity of light as 
uieasuied by terrestrial expeiimeiits, and as deteimined by ohscivations m.ule on Jupiter’s 
satellites, (-.ee J npitu) , 5 Obsei vations of the amuniit of llie wowi's pmall/uttc HKnuahttf, 
(see Lunm 'TI11.01 1/) , and, 6thly Obsci rations of the effect on the sun’s aiip.iieut motion of the 
earth’s revolution irouiid tin common ceiitic of gravity of the earth and moon Theec 
methods li ire given results which may be thus tahulatid (though it is to he noticed that the 
same met hod, or even the same scuts of ohaer rations, mil give slightly different lesults, aeeortl- 


ing to the method of calculation employed) — 

Solar ParvHai 

M' tliod I, transit of Venus in 1769, Encko’a estmiatc, > . . 8 57S' 

klethoda 3 and 3, Wiimecke’s estimate, . . . 8904 

„ „ Stone's estimate, 8 9 ;o 

Method 4, Foucault's estimate, ... ... 8 9C0 

hlethod 5, ILiiueii’s estnnate 8 ()iC 

Method C), Lerernoi’s estimate, . . . 8950 


Tt Will hi seiii tint the sun’s cquatoml horivontal parallax (see PataRay), as determined by 
the first melliod, seeiiis to f ill colisidei ably short of the othei istiiiiati s Mi btono has shown, 
however, tb it the eiiol has aiiseii from an inexact mode of tii atiiig the observations made 111 
1769 By a mine s itisfaetoiy piocess lie oblains the result S 91 ' It will be noticed also that 
he has obtuiied lU Tiidi pendent lesult 8 93" lie has fiatlii i ileti cted a mist ike in J,evLiTier’a 
estimate, aiisiiig from an erior 111 eoiuputatioii, and thus leduces the pai.illax by the bixth 
method to 8 89 ' 

Oominnin^ all the best -nodern results, it Would Bceni as though the valuo S 9" f.nrJy repre- 
sented the sun’-, xiarallax But in the table of eUmuit\ S 94" is tlie issuiiied value, in aecoi dance 
with a suggestion nude by LercAuei and Airy, The mean distance of the sun, 011 the assump- 
tion that tlie p irall ix is 8 94", is 91,430,000 miles 

hU PEI IK.) 11 IMjANETS Tliost plain ts w hose orbits he outside tho earth’s 
SUPEllSATUllATION Hcfoiimg to solitlioit for a difiuition of satntation, a liquid is 
eaid to be AKposatmafei/, when being s,itniated at a high teiiqieiature it can be cooled down 
Without de])ositing any of tlie solid At this reduced teiiipeiature, then, the liquid hulda more 
of the solid than it could take up or dissolve at that reduced tiinpi rituic A liquid may be 
eupc'rsatui ated with a gas, as, when m addition to its own volume of caibonic acid which water 
dissolves, it is, under the infiuenee of ]iressure, made to take up another volume of the gas, as 
in the case of soda water, champagne, &c Ag.un, a liquid at or near the boiling jioiiit is a 
supersatuiated solution of its own vapour, and, in all tliice cases, the salt, or the gas, or the 
vapour can be sepaiated from solution under the influence of micli 1 (See A'lickua ) 

Supersaturated saline solutions possess remaikiblc pin])eities A solution of sodic svljihate 
(Glauber’s salt) for example, saturated at the jjomt of maximum solubility (see Solution), and 
then boiled and filtered into clean vessels, may be preserved for a long tune without any separa- 
tion of salt, provided they bo protected from the aition of nuclei For this puiqiose, all that is 
necessary is t6 plug the vessels with cotton wool, or evin to cover it lightly with a watch glass, 
the’ former being the more efficacious, in which case the nir of a room, being full of nuclear 
particles in passing between the fibres of the cotton wool, has these unclear pa^t^les separated. 
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the iiir itself not being a nucleus In this way highly supersaturated solutions of hydrated 
Bodic salts, such as the acetate, arseniate, succinate, sulphate, borate, as well as the sodio- 
potassic tartrate, potash and ammonia alums, magnesic sulphate, banc acetate, cupric sulphate 
and many others, may be reduced to low temperatures ■without change, piovided nuclei bo 
ngidly excluded, as by keeping the vessels and the solutions chemically clean Vanoiis sohd 
and hquid bodies, ■which act ns nuclei in their onhnary condition, cease to be such if boiled up 
■with the solution, and allowed to cool down with it in covered vessels In such case, the cold 
solution adheres to these bodies as a whole, and there is no separation of salt So also, if an 
oil be dropped into a cold supersaturated solution, and it remain in the lenticular form, it docs 
not act as a nucleus, bci tii-.c its surface tension separates it from actual contact with the 
solution, or rather the tension of the suifacc prevents the adhesion of the watery particles from 
being weaker than that of the saline molecules oi vice icrsa, which is a necessary condition of 
nuclear ar turn (bee JViidiili ) Hut if the oil, on being deposited on the surface of the solution, 
sprcail out into a libii, this film being in closer contact witli the solution, from its diminishing 
its suifacc tension, acts powerfully as a nucleus, large crystals of the salt falling from the 
under surface of the film, until the excess of salt over saturation has been separated Thus 
matter, in the foi m of tilms, acts as a nneleus, and this is the very form in vvhich bodies that 
have been haniUcd or exposed to the air contract nuclei A glass rod, for example, drawn 
through the hand, becomes covered with a film of orgiiiie matter, and is a powerful nucleus 
On x^ivssing it tlirough flame, nr boibng it up with the solution, it loses this film, and is inactive 
m separating salt, or gas, or vapour from solution 

Sujiersaturated saline solutions of hydrated double salts, contained m clean covered vessels, 
may be reduced to fioino‘'b' to — 10“ F, when they form unstable hydrates in tc'trahedral 
crystals, hut as soon as the temperature is raised to 32“ F , these hjdrates melt rapidly, and 
form deal blight siipeisatnrated solutions is liefore, efteets which can be produced any number 
of times, provided the action of uuelei be excluded 

There aie some salts which form niodific'd hvdrates of a more permanent character than those 
just refeircd to, sudi as tin sodic sulphate, which in its normal condition contains ten atoms of 
■water of crystallisation If a hot saturatesl solution of this salt bo cooled clown in a covered 
vessel to about 40' F , and still bettei if lowei, it tbiows clown anhydrous salt 111 the form of 
octahedra , if the tempi 1 iturc use a few degrees, these oetahedra pass into solution, and form 
a dense lower stratum, from which crystillis(«s out a modified silt m pnsms, with obh<xue sum- 
mits, containing only seven atoms of water of cry'stallisation, while the solution above is still 
one of the aiilijdrous salti- If now the cotton wi^ol he removed from the vessel, the salt crystal- 
hses from the smface, and crystalline lines of the oidmary ten-atom salt proeeed downwards, 
carrying with them siiflicieiit water to convert the lower seven atom salt into the ten atom 

There are many othei points connected ■with supersaturation, some of which have already 
been noticed under Nudeus, MbullUtmi, ic Wc may also refer to Mr Tomhnson’s 
papers, Phil Trans, 1 868, i’roe lloyal Society, No 122, 1870, Phu. Mag , and Chem. 
News 

'^VAIvOCIN The star a of the constclh.tion Dclphinus This name, used in the Palermo 
catalogue, hcems to be iiieiely the mveision oi Nicolaus 

SYJjVINF See Chloiide 

SYMBOLS, ASTE.ONOM 1 CAL In astronomy a number of symbols are made use ot for 
purposes of convenience The origin of these aymbols xs not known, and many different inter- 
pretations have been given of the symbols thcuuselves For example, the symbol for Capricor- 
nus, Vy, has been thought by some to be mteuded for a rough''rc])ro 3 entation of the sea goat 
figured in star maps, while otlici’s insist that it is formed from the Orcek letters rp, for Tpdyor, 
a yout Again, the symbols of the five planets known to the ancients have been thus inter- 
preted — B 18 the petasus of Mercury , 9 the mumr of Venus (*) , S the shield and spear of 
Mars , If the throne of Jupiter , Ij the sickle of Saturn (Cronus, or Time) Hut others find m 
these symbols the initial letters of various adjectives mdicatmg the attributes of the several 
deities associated witb these five planets Yet others find in % the Zeta of Zens, and m Ij 
the K of Kronus Some find in % and Tj the Arabic numerals 4 and 5, indicating that these 
are the fourth and fifth planets of the ancient senes In fane, there is no end to the interpre- 
tation of these symbols by means of letters and numerals (See the Delphin edition of Mani- 
I1U8 ) It would be difiieiilt to form a conclusive opmion where so many different views have 
been adopted , but certainly one is invited by the resemblance between tf and the petasus as by 
that between S and the arms of Mars, to conclude that among the symbols of the planets, as 
certainly among the Zodiacal signs, a rough attempt at pictorial illustration was the real on^m 
of these figures 

The foUowidgLa-re the prmcipal symbols no^w in use . — 
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Symbols of the Heavenly Bodies. 


The Sun, . 

S 

Jupiter, 

u 

Mercury, 


R itiirn, 

b 

Venus, 

9 

Uranus, 


The Earth, 

. . t, and 0 

Neptune, .... 


The Moon, 


A comet, .... 


Mars, 

S 

A stOii, ■ ■ • • « 



The Asteroids 


Ceres, 

. . *> 

•Tuno, 

t 

Pallas, 

t 

Vesta, . . . 



The attempt to jpve symbole to tlicse lioilics wan continued until npwaidi of twenty had 
been discovered, when the noccsiity of employing a simpler mode of indicatmy them was reco"- 
nised A L the symbols vtero therefore ibvtidoneil, (except the four fjiven above, uliich are still 
in use,) and the asteroids are now indnitcel by v iiumbci indicating the older of then discovery, 
the numbei bemo nil losed in a sm vll tmle Thus, the symbol represents Angelina, the 
sixty-fourth 'atcioiJ in order of discoveiy 

Luvar Phases 

• Moon, in conjunction with the sun, or iicip 
1) IMoon, at castoin <(iiadrsitiirc, in ji ) vf qmatcr , 

O Moon, m ojipositioii to the sun, or /(iff 
d Muon, .it western ipiadratnie, or laU quai lct \ 


Signs op the Zodiac 


Ani'S, 

T Libra, 


Tamils, 

Gemini, 

b bioipio, 

"1 

H Sigittnius, 

t 

Cun Cl, 

5D ( 'api leoi nils, 

Is? 

Leo, 

(1 Aij’uinus, 


Viigo, 

iij 1 Pisces, 

Planlyary Positions 


Ascending node 

E □ Eastern qii.adr.ature 


1 Ic'.cending node 

W □ Wi stei 11 < i^uadi ature. 


Ci)iijuiietion 

A n’mip 


Hcxtllo 

□ (Quadrature. 

8 Opposition. 

UUAXOCR VniTCAL 



R A or jPw (sometimes also a) "Right ascension ni hlinute of time. 

Dec (sometimes d ) Declination " Degree 

N P D Ivoith pclar distance, ' Minute of arc 

h. Hour " Second of ore 

SYMPIEZOMETEE (nuynTri^ftiJ, to compress iJ-irpov, measure ) An instrument for mea- 
suring the harometne pressure by tlio coiiipres-,iou of in or gas It was ini ented by Mr Adie, 
and consists of a glass tube about l8 inches long and | inch in dlametei, with .i closed chamber 
at the top, ind an open cistern resembling that of an ordm iry haioineter below The cistern 
and the lovvt i pait of the tubo are hllcd with glyctrim , the closed ehambei and the upper part 
of the tube being failed with common on As the pressure of the cAtemal alt ineieasts or 
dumruslies the gUeeiine rises oi falls in the tube At hrst oil of almonds was used in place of 
glycerine, and liydiogen gas in place of air, but the g is was paitially absoibed by the oil. 
The glyccniic, in tlie present form of the lustiumeiit, leipiiresto hi of a paitieiilai character, or 
it will absorb p.iit of the air within the tube 'ITie indie itioiis of the instiument inust be cor- 
rected for the effects of temperature, for which puipobo a common thermometer is attached to 
the instrument - 

SYNAPTASE. See £mulam 

Syi^'ODlCjtl/ (o-i/v, together , o56!, a journey ing ) In astronomy the inteival separating 
successive conjunctions or successive opjiositions oi a superior planet, oi succcssivi^conjunetioiia 
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of the same kind, in the case of an inferior planet, is called the synodical period of the planet. 
The moon's synodical periods are the same as her Innations 

SYNTHESIS (tvii, together, and Oeats, a placmg ) The formation of chemical compounds 
from their elements or from bodies of less complex composition It is the opposite to 
Analysis 

SYREN The Syren of Cagmard de Latour is an instrument for exhibiting the connection 
between the pitch of a note (sec Pitch), and the number of impulses given to the air m a given 
time It consists of a brass cylindrical box, into one end of which air can be forced from an organ 
bellows The opposite face of the cylinder is inerced by one or more rings of holes concentric 
with the centre of the jnereod face These holes are not bored m a direction parallel to the 
axis of the box, but obliquely through the thickness of the brass By means of studs ajid le\ ers 
working through the side of the cylinder one or more of these lings of holes can bo opened by 
removmg plates which close their inner extremities In very close jiroximity with the upper 
face of the box is a eirculai brass disc of the same size, which turns with great ease around its 
centre This disc is pciforatcd by rings of holes of the same nature as those in the top of the 
box , but the mclination of the holes is in the opposite direction If the inclination of both 
sets of holes IS 45“ the two sets will be at right angles to one another The axis of the upper 
moveable disc is a spindle which carries an endless screw This screw works into the cogs of a 
little wheel, so that when the upper disc turns lound once the hjmidle turns round once, and 
consequently the wnccl is turned lound through the distance between two cogs The axis of 
this wheel hears an index passing ovei a graduated face or dial plate It also bears a piiiiuii 
working lu the cogs of a second wheel, whose axis also bears an index working o\ei a dial 
plate By this means the second wheel will turn round more slowly than the hist, according to 
the ratio of the luimbcr of cogs in the wheel and pinion Tlie arrangement is iii fact very 
similaa to th.at connecting the hour and minute hands of a clock Tketc is also an aiiaugeineiit 
by which the first wheel can be sbppcd into and out of gear with the endless screw Let each 
dial plate be divided into a bundled divi>ions, and let tnc connecting gear be such that the 
second wheel and index turns round a hundiedth of .vievolutioii when tlie first wheel and index 
turn round once So tint the units and tens of revolutions of the sjiiiidle are inc.asuied on the 
first dial plate, the hundreds and thousands, up to ten thousand, on the second Let us buiipose 
that the syicn is used for nieasuimg the jnteh of a tuning folk The fork is kejit continually 
sounding its fundainonkal note by an assist int who stiukes it with a hddlo bow The screw on 
the biJindle is set out of geir with the tootlicd wheel The positions of the indices on the two 
dial plates aio noted Viic of the btuds is pushed in so as to open one ring of holes in the 
upper face of the cylindrical box, say that wlaeh cont iins ji boles Air is then forced into 
the box from the bellows, its elasticity causes it to ese.qie tluough the oblitine hiileo , 
it strikes the oblniuc hole in the moveable disc at right anglis, and since these an. melined at 
an angle of 45“ to the horizontal, the resolved xioitiuu of its foice in a huii^ontal diiectioii 

I 

of its impact This hoiizontal force, acting in a tangential direction, sets the di^e 

pinning The same takes jilacc at even oxienuig Wlieii, therefore, the disc turns round 
once, tlieic arc n pulls of air escaimig tlirongli the ihsc As the au is uiged in, the upper di-.c 
increases m its velocity, and a note of higlici .ind higher inteh is pioduccd (Sec PUch ) When 
the note produced by the syicii approaches that of the fork, rapid beats arc heard (tiee Jiiats ) 
When the pitches of the two notv s arc ivlcntical, these beats disaiqicar This consonance is 
maintained for some tune, conveniently until the commencement of a mmiitc, oB indicated by 
the second hand of a watch The screw on the bpuuUe, and the tooths on the wheel, are in 
stantly thrown into gear, and the bellows woiked, bo that no beats occur Aftei the laxise of 
exactly a minute the screw is thrown out of gem, and the readings on the dial faces noted Let 
this reading iinbcate m icvolutions Since ti pulls are jiroduced by one revolution, tlio number 
of puffs per minute corresponchng with, and giving rise to a note of identically the same jiitch as 

that of the tuning-fork is m x m, or — - — is the number of vibrations of the fork per second 

DO 

The syren has its name from the circumstance, that it pi educes a musical note when water in- 
stead of air is forced through it, the whole iiistiiiineut being under water 

The syren of Seebcck is of much simpler construction, anil may be used to show roughly the 
relation between rapiibty of sequence of impact and pitch A circular sheet of cardboard is 
perforated with holes in two concentric rings, the outei ring containing twice as many holes as 
the inner one This can be turned with gieat velocity on its axis One end of a tube, open at 
both ends, is placed in tlie mouth, and the other above the inner ring of holcsv and as close as 
possible to them On tuniing the cardboard rapidly round, tuid blowing through the tube, a 
musical ^ote^t produced, the pitch of which increases with the velocity of rotation If, while 
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the cardboard is being turned round with uniform velocity, the extremity of the tube be directed 
to the outer ring of holes, a note is produced an ootavo higher, showing th'it the relation be- 
tween a note and its octave is the relation of one to two in the number of pulfs which produce 
them 

The first form of syren was that of Dr Robison, who caused a perforated plug to revolve in 
a tube through which air was forced, and who showed that the height of the note was increased 
with the rapidity of the vibrations 

SYZYGY {(Tvtvyla, conjunction ) In astronomy, the conjunction of the sun, earth, and 
muon along one line, so that when the moon la new or full she is said to be m sj/zyoy 


T 

TALT*''>TYrE PROCESS See Culolifpe Process 

TAIjITHA ^ Arabic ) The star t of the consti ILition Ursa Major 

TANG li'NT COMPASS A somewhit uimsnal name for the lanyent Gahanomefer 

^’A^CrE\'l' (J ALVANOMliTEU Htsti Oalmnometer 

TAN^<iiN (Tannic acid ) Terms ajiplicd to amoiphous astnngent bodies found in galls 
and many varieties of baik They liavc i rough taste, a faint aridicactioii, unite with animal 
membrane, albumen, and gelatin, forming insoluble non putrcfaable comjiminds, and j>roduce a 
dark blue or green i olour with persdtsof iron The commonest \ iiiety is gdlotannic acid, 
which IS obtained from oak apples, and Turkish and Chmese gall nuts Its formula is 

TAN'J'ALUM A very rare metallic element discovered by Ekcherg in a mineral from 
Sweden, e vlled tantalita Its history, which is rcfciicd to under the heading CoLmibium, is tno 
principal point of interest about it 

TARA ZED (Arabic ) The star y of the constellation A^uiliS. 

TAR'l’Alt Seo 'I’uftano Acid 
• TARTAR EME'l'fC iit.0 Tartanc Acid 

TARTARIC AilFD An organic acid widely diffused in the vegetable kingdom, especially 
in grape juice, where it occurs as acid tartrate of potissmm Thcio are five different tartanc 
acids known to chemists, which all possess the same coin]>ositiuii (Cjir^.D^), and scarcely differ 
fiomone another e\cept in then action on polatistd ligJit, and m ciystrilliue foiin When cuiiiinon 
tirtaric acid is cvanuned by a ray of polarised light it rotates it * tlie right But from 
some varieties of grape juice an acid called raccmic is prepared, which scarcely differs chemi- 
cally fiom tartanc acid, but has no action on jiolaiiscd light Jt has therefore been called Para- 
tarturu Atul By appiopnate means, racemic acid has been sejiarated into two acids, one of 
which IS found to be ordinary tart iric acid, and the other an exactly similar acid, but possessing 
a left handed rotatioh Tins is called Imvo tartanc acid When dextro and Iscvo-tartanc acids 
are mixed togetlici they unite and form ractmie acid Thu only one of these which requires 
detailed mention here is ordinary tartanc acid, also called dtxtro tai tunc acid This crystallises 
in rnonochiiii pnaiiis, which are colourlesic, transjiiient, and vciy soluble m water and alcohol 
It unites with bases to form salts, which aie usu^ly of two kinds, neutral and acid These, for 
the moat part, crystallise easily in large, well defined crystals Tartanc acid also forms 
numerous double salts The following are the more import int tartr ites — Pi-tartrale of 
Potassium, or cream of tartar (Cgir.jTIOg), is dithcultly soluble m water, and separates from its 
hot solutions in small tnmetric crystals In the crude state it is called Arifol, or Tartai, and 
is deposited from many kinds of wmu on keeping It unites with soda to form a double salt, 
which crystallises in large rhombic pnsms, readily soluble in water The composition is 
(CeH^KNaOj 4irjO) It is sometimes called Roclicllo salt Potassio Aniimonwus Tartrate 
is of coTinderable use in medicine, under the name of tartar-emetic Its composition is 
C4H4K (SbO)O. ,0 , and it crystallises in octahedrons, whicli are tolerably soluble m m ater 

TAR'l’ARIU ACID, RIGHT-HANDED AND LEi'T-HANDED tieo Ptjht-Uunded 
and Left-Handed Tartanc Acid 

TAURUS (The Bull ) A sign of the Zodiac The sun enters this sign on about the 20th 
of April, and leaves it on about the 21st of May The constellation Taurus occupies the 
zodiacal region corresponding to the sign Gemini This constellation is exceedingly nch It 
includes those remarkable star groups, the Pleiades, and the Hyades, and many smgularly rich 
telescopic fields Sir John Herschel considers that a branch of the Milky Way may perhaps be 
tri^d from PSrseus as for as the Pleiades 

TAUTOCHRONE (raird for t 4 afird, just the same , ard time ) A curAs such 

that a particle movmg under the action of giien forces will reach a given poi,iiA in the some 

2 ij 
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time, wherever may be the starting point A particle falling under the action of gravity from 
rest down the arc of a cycloid will reach the lowest point in the some time, whatever be the 
point of the curve from which it starts. Hence the cycloid is the tautocbrone for the force of 
gravity 

TEINOSCOFE (reu'u, to spread out ; and dKoirecii, to view.) Another name for the jinm 
tdeacopc, which see 

TELEGRAPH, ATLANTIC See Atlantic Tdegravh, 

TELEGRAPH, ELECTRIC (r^Xe, at a distance , ypd(f>(o, to write ) From the earliest 
time, when beacons lighted on the tops of the hills were usci^ to indicate the approach of an 
enemy, or the occurrence of some other important event, the power of communication at a dis. 
tance has been felt to be a desideratum Many inventions and arrangements have from time 
to time been made with this object, as, for example, the signals by flags, or by the old sema- 
phore system, which is still employed for railway signalling, by ringing of bells, or by the 
motion of water in tubes, but none of these was apphcable to any but short distances, or indeed 
generally applicable at all The discovery of the conduction of electricity along metal wires, 
however, soon gave nse to the idea of communicating signals by means of its effects, and the 
electric telegraph has now become one of the most powerful agents for the promotion of civilisa- 
tion, and even a necessity of every-day life 

The first clcctnc telegraphs proposed were founded on the observation of motions produced 
by the attraction or repulsion of statically clcctnhcd bodies In 1 747 Watson showed the 
transmission of a discharge from a Leaden jar through a wire stretched across the Thames , and 
later in the same year he caused it to pass through 10,600 feet of wire supported on insulators, 
which w ere attached to wooden posts In 1753 there appeared in Scot’s Magazine a letter 
signed C M , m which the idea of signalling by means of electricity is originated, and during 
the next seventy years many ibffertnt methods of telegraphing were proposed It was not, 
however, till after the ihstovery of the electric current by tlalvani, and of the effect of a cur- 
rent upon a magnetised needle m its vicimty hy Oersted, and till after the establishment of the 
fundamental laws of clcctnc dynamics by Amjilro in 1820, that the idea of clcctnc telegraphy 
was acknowledged to he practically useful , but iimuediately after this, and after the diBcuveneS 
of Faraday m cXectro-magnetism, various schemes, more or less practical, were projjoscd to take 
advantage of the motions of a magnetised needle in the neiglibouihood of a curieiit as a means 
of signalhng The names of Sommoring, Bchwciggcr, La Place, Fcchncr, llitchie, and Raron 
Schilling, are connected with the hrst attempts to telegraph by means of galvanic electncity 
The method of the first 4 wo was based upon the decomposition of water by means of the pile. 
Gauss and Weber, for the purpase of studying the laws of the action of galvanic currents, set 
up a long line of two wires from their Physical Cabinet in Gottingen to the Observatory This 
was the hrst line in which a single wire was employed, most of the other systems rcijuiring a 
wire for each letter, or at least a particular pair out of beveriil wires to mdicatca letter Tho 
signals also were given by means of magneto-electncity, winch had not bfeen employed before. 
Gauss and Wtbei did not, however, employ the hne, 111 the first instance, for telegraphic pur- 
pop''B, though they afterwards used it m that way , and subsequently. Professor Bteinbeil of 
Munich was requested by them to perfect the arrangements, and make them capable of more 
practical use Hence, and fiom the ingenious mvcntions and improvements of Steinheil, arose 
tho system of telegrapliy which bears his name The messages were printed by means of dots 
made in proper positions on strips of paper which were kept in uniform motion by clockwork. 
Steinheil afterwards discovered that two wires were unnecessary, and that a complete circuit 
might be made by using one wire and peimittmg the current to return tlirough the earth But 
telegraphy is not indebted to any more than to Messrs Cooke and Wheatstone, (now Sir Charles 
Wheatstone), who, joming their m\ eiitions together, produced, with great ingenuity and perse- 
verance, a system capable of practical application A telegraph was established by them on 
the London and Birmingham and Great Western Railway lines , and subsequently, their 
system, modified and suuphfled hy themselves, and made much less expensive, has been largely 
adopted for inland telegraphy 

Our limits will not permit us more than this bnef sketch of tho history of telegraphy We 
have not even been able to mention the names of all the many who contributed to the progress 
of the invention, but it will be seen from what wc have said that the invention of telegraphy 
cannot be claimed, as has frequently been done, for or by any one man or set of men A mul- 
titude of mvestigatora, mventors, and practical men have assisted m the development of the 
system 

We shall now briefly explain the method of telegraphy details can readily lie ohtamiHl by 
the mterested reader from the many practical works upon the subject, and among others, from 
those of Mr. ^bert Sabine. Of the Ime m submarme telegraphs we have given a description 
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uder GMe, Sulmanne The wires used for overhead lines are of iron Vanous ways of protec- 
ing them from rusting have been proposed and employed The best plan is probably that of 
amishing them witn boiled linseed oil, or painting them with tar from time to time till a 
olerably thick coat is accumulated, which protects them from moisture and from the 
ontact of the air Galvanized iron is sometimes employed, but in the neighbourhood of large 
owns where acid fumes are to be found m considerable quantity, tbe zinc coating is soon 
eatro_,ed The wire is supported by means of telegraph posts which, in England, are made of 
rood It has been proposed to use stone pillars, and this was done to some extent in India 
fhe stone pillars are much more durable than wood, but the expense of constructing them has 
prevented their adoption In Sivitzcriand iron posts have lately been employed and their use 
nil probably become more general The wire is attached to insulators which are fixed to the 
Kists Of these the) e are various kinds In England that of Mr Latimer Clarke is much 
mployed it is a double bell made ofporcelamandof a shape suitable to allow rain to run off it 
nthout wetting the inside Tlie hell is supported by a stem proceeding from the top of the 
utenor of it, and the hnc wire passes through a deep groove at the top of the bell, and is secured 
a its ijlace by means of binding wire In underground Imcs the wires are insulated bya gutta- 
percha or other 'lon-conducting covering and arc now contained m iron pipes laid under the 
pavement or along road-ways In P.mis they pass through the sewers and catacombs, those in 
he sowers being enclosed m lead tubes for protection from the destructive gases 

For sending and reccivmg messages, various forms of instruments are employed, the choice 
lepending upon the purpose for which they are used and on the length of the line On long 
ubmonne lines as is explained (see Ail-antic Tdegiavh, Mirror Galianomctcr, &c ), the reflecting 
jalvanomotcr of Sir William Thomson is universally and at present necessarily employed , 
houg^ It 18 piobable that a newly invented self-recording instrument, also by Sir W TTioinson, 
vhich has already been tried on the French Atlantic and on the Cornwall and Tusbon lines 
nil shortly be m general use In this instrument a very light coil of wire is very delicately 
uspended in a magnetic field, and the motions of it when a current is passed through it are the 
neans wherelythe mess-gea ate transmitted Tlie cod of wire is attached to a very light 
iphon of glass through which the ink from a reservoir flows The siphon is a capillary tube of 
'xcessivoly small cbmonsions, and the ink is drawn from it by electric attraction, the reservoir 
ind the paper bemg oppositely electrified The extremity of the siphon is not in contact with 
he paper but only near to it The delicacy and rapiihty of the instrument are even greater than 
hat of the mirror galvanometer, and the recording of the messages is felt by tclegraiih compa- 
iies to be of the highest importance On land lines and short subnihrme lines tbe needle 
'clegraph of Wheatstone and Cooke and the recorder of Professor Morse of New York are 
nuch employed In the needle telegraph of Wheatstone and Cooke a pair of needles is used, one 
>f which is magnetised and placed within a multiplying cod the arrangement being similar to that 
>f the ordinary astatic {galvanometer or multiplier but the plane of the cods is vertical and the nee- 
lles are suspended on a horizontal axis about which the pair turns Tlie axisof suspension is but 
ittle above the centre of gravity of the system The other needle appears at the face of the instru- 
nentand deflects its upper end to the right or left of the vertical line, according to the direction 
n which the cuiiciit passes ax certain number of deflections to the right or left, or of dcflec- 
iions some right and some left, m particular order, indicates a given letter, number, or word. 
Bkequently a ihuole needle telegraph instrument m employed, which consists of two single needlo 
nstruments in the same case The letters are formed by combinations of indications from tho 
wo needles, and as there are thus four motions, a right and a left of each needle, it is evident 
.hat the speed of signalling is immensely increased The necessity of two hncs, however, makes 
ihe use of it too expensive for general purposes The messages are sent by means of a very 
ample commutator or reversing key, which is worked by a handle to be seen on the face of the 
nstrument below the dial, over which the needle moves When tho handle is m the vertical 
KiBitiou, the instrument is in condition for leceiving The turning of the handle m one direo- 
iion or the opposite, gives rise to a current of electricity from the battery, which passes both 
hrough the instrument of the receiver and through that of the sender attention of the 

Bceiver is called by a prelimmary somiding of an electric bell. 

In tbe Morse recorder tbe receiving instrument consists essentially of a soft iron bar, which 
3 magnetised and demagnetised by the passage and stoppage of the current, and a soft iron 
irmature, which is attracted each tune the other is magnetised, and freed when it is demag- 
letiscd The armature is connected with one end of a lever, and to the other end of the lever 
3 attached a style or an ink marker, which is pressed upon the paper at each attraction of the 
*niiatiire The paper is a long dip, which u drawn past the point of the marker at a uniform 
^te by clockwork The signals are made by combinations of a dot and a dash (a short and a 
^ mark) on the paper, the dot bemg made when the current merely passes round the electro- 
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magnet for an matant, the dash when the current is of some duration The sending instrument 
is a lever which, on being pressed do\^n, permits the current from the battery to flow into the 
Ime during the tunc that the contact is made 

On applying the Morse instrument to a long line, it was found that the current is frequently 
so weak that it cannot move the armature, hence Morse connected with the instrument a rday 
and local battery The relay consists of a pair of electro-magnet coils, through which the line- 
cuirent passes The only work that these coils require to do is to draw down a light armature, 
and the motion of this armature, by means of a lever, closes a local circuit containing a battery 
and the Morse instnimcnt Thus, on every passage of the current through the line wire, a cur- 
rent IS caused to flow from a local battery through the instrument, and the work required to be 
done by the line-current is very small indeed, being merely the motion of the key of the local 
circuit at the rccoivmg cud 

In. private lines, instruments known as “ dial telegraphs ” are employed, from the case with 
IV Inch they are manipulated They consist of two parts, a transmitter, which is a dial marked 
u itli the letters of the alphabet, either on keys winch the sender presses, or on a plate over 
vv inch a handle passes By mechanical arrangement the current is made through the interven 
lion of electro-magnets to turn a pointer at the receiving end, which mo\ ea over a dial on which 
also letters are iiiaiked , and at each signal from the sender, tho pointer stops at the letter sent 
There are various forms of dial telegraphs, Wheatstone’s step by step mstrament has perhaps 
the most general employment 

TELErifONE (ruXe, afar , and asound) An arrangement for telegraphing m which 
the letters arc indicated by sounds It consists of two parts, a sending instrument and a 
receiving instrument In the sending instrument a stretched membrane is made to vibrate by 
means of sounds produced in front of it , and vibrates at rates depending upon the 
pitch of tho note played At each vibration contact is made, and broken with a battery , 
and by a proper arrangement, elcetuo signals, whose number corresponds with the note played* 
are sent through the lino At the other extremity the current circulates round a bar of soft 
non, which is thus rapidly magnetised and demagnetised The demagnetisation gives nse to 
tho sound known as the magnetic tick (see Sounds, Magnetic) , and these sounds occumng with 
the same rapidity as the vibrations produced at the other end, give nse at the icccivmg end to 
the required note 

TELESCOPE (r^Xe, at a distance , and dKoirew, to see ) An optical instrument for 
vicwmg objects at a distance It consists essentially of an achromatic clijecl glass, or a concave 
speculum, which forma an image of the object to be viewed at its focus. This image is then 
magnified by a simple microscope in the form of an eye-piece. For astronomical purposes, 
\v here it IS of no consequence if tho object is inverted, an astronomical eye piece is used, otheiv 
wise an erecting or teirestnal eye-piece is more general Achromatic Tdescopp, Object Glass, 

Speculum, Astronomical £ye piece. Erecting Eyepiece, llcflecting Telescope , Galilean Telescope) 

TELESCOPE, MAGNIFYING POWER OF The magnifying power of a telescope may 
bo ascertained by divultng the focal length of tho object gla.sa by that of tho eye-piece It may 
be n ughly seen by looking at a distant object through the telescope, and viewing the object at 
the same time with the other eye. The two images will then appear side by side, and their 
respective diameters can he compared 

TELESCOPE, PRISM See Prism Telescope 

TELKSCOPIUAI (The Telescope ) One of Lacaille’s southern constellations 

TELLURIC LINES OF THE SOLAR SPECTRUM, See Atmospheric Linos of the Solar 
Spectrum 

TELLURIUM {Tellus, the earth ) An element belonging to tho sulphur group, and ap- 
proaching in character a metal It was discovered by Klaproth m 1 798 , physically it strongly 
resembles the metals , it is tin white, shining and metallic looking, ciystallising readily, and 
very brittle It is a bad conductor of heat and electricity Specific gravity, 6 3 Atomic 
weight, 128 , Symbol, Te It molts at 500° C (932° If ), and at a higher temperature 
Tolatihses When heated in the air it takes fire with a blue flame In its chemical properties 
it strongly resembles sulphur and selenium , hke them it forms two oxides, tellwrous acid 
(TeOj), and teUunc acid (TeOs), which unite with bases, and form salts which are analogous 
to the corresponding salt containing sulphur and selenium It forms teUuretted hydrogen (TeHj), 
which closely resembles sulphuretted and seleniuretted hydrogen, and its compounds with other 
elements strictly carry out the analogy 

TEMPERAIiIENT IN MUSIC See Gamut. 

TEMPERATE ZONE See Clirmte ’ " _ 

TEMPERATURE {^Temperatura, tempera, tempus, from n/u'u, to cut ; strictly a portion 
cut or m^asuied off, thus time ) The temperature of a substance is the amount of sensilMe heal 
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associated with it By sensible heat we mean heat which can be reco'^iscd bj a thermometer 
and which is capable of passing to other substances, and of effecting tlie various changes m 
them which heat is wont to produce When a substance is heated its tcinpei atiirc is said to 
increase, when it is cooled its temperature is said to decrease Temperature is not the quantity 
of heat associated with a substance, for a drop of water may po‘>iess the tc mpeuatuie of an 
ocean, while the absolute quantity of heat possessed by the latter will obviou'ly be iniuiitc com- 
pared with that possessed by the former In the case of a unit of heat (i lb of w iter laisecl 
through we have a definite amount of matter which has its tempi raturc niei t iscd to i 

deiimte extent Two substances are said to be of the same temper ituro when, on lieing placed 
m contact, there IB no change as regards their sensible he it , if they have iliffereiit teiniierv 
tures at the outset, the temperature which results from their being bioiight into contict dilteis 
from that which either of them at first possessed Tempi latures ire measured hj the expan- 
sion of a solid, liquid, oi gas, under appiopnite conditions, iiul m instniincnts of divers foinia , 
most usually by tlie expan'<ion of a liquid in an iiistinmont eallid a theiuioineti r Tile standard 
temperatures to which others are referied are iisu illy the fii o/iog uid lioiliiig tempi i atiires of 
water, othei teinpeiatiires being expresseil relatively to these The following aiu some iciiiaik- 
able tempei ituit's, a cording to F ihiciiheit’s sc do — 


Absolute zero of tempciature, 

- 4 SS“ 

Greatest artificial colil, 

— 220 

Greatest n itmal cold, 

• - Qt 

Mercury melts. 

• - 39 

Ice melts, . 

. + 32 

Wax melts 

144 

Water boils, . 

212 

Sulphur melts, 

239 


Mercury boils. 

662' 

Bright red heat, 

• 1552 

Silver melts, 

. 1773 

Gold melts, . . 

, 2016 

White heat, , 

. 2372 

Temperature of a blast fiimace. 

. 32bO 

Temperature of the voltaic 11 c, 

- 37 SS 


The greatest artificial cold has been produied by rapidly evaporating lu i vacuum a mivturo 
of liquid nitrous o\id(' (NjO), and disulphide of cvihoii (f'Sj) Tin giiatest n itiii il cold was 
observed by II insteeii in 55“' N L it 'I’hc mean Deceinlici temperature of Yakutsk is —44 S'* 
F Duiing some of the F lar Expeditions the cold has h< en so luteuse tint imicuiy has been 
beaten out into thin plates The gieitio^t he vt with wbieh we aio ae((UHnted is that of the 
Voltaic arc, the temperituro of whiili, given above, w on the authoiily of Bccqiieiel, Imt all 
extreme teniperatuics are lucapahk of being (hteniiuicd with any ajquoaoU to llu leeiii iiy of 
more model itc teniperatuics (Sec also Pyioiiidcr , T/ia muniikt ^ Al/svlutv Zuo of Tem- 
l,eratwi ) 

TEMl’dllAPvY STABS, SPEOTBA OF Sec Vanalio and Timpoiniy >‘'Yiii‘(, S/ifrlmof 
TENACITY [Tenor, fiom fenere, to hold The jnopiity by which soluls iisist forces 
tending to seppratc^thcii particles from one another It is divided into absoluti anil retro- 
active ' 


Absolute tenacity is the rcsi'^tance ofli red to a force lending to pull the particlcb of a body 
asunder, and overcome tin n loluvuiii ft is estnii ited by the Wi iglits icquired to bicak lods 
or wires of the vanoi 1 siibstinces vhen the weights ire suspended from them 

MuHchenbroL'ck’s cxpciimeutsgivc tlu following results, mteipreted thus — A lod of elm wood 
having a horizontal section of oncfouith of a squ 11 c lino, breaks win 11 a weight of {17 lbs is 
suspended from it , or a rod of elm, having a hori/ontal seetiun of one fouith of a square centi- 
metre, bleaks with a weight of gib kilogiammcs — 


Absolute Tenaeity of Horizontal Section 

= i square line = i square rentimctro 


Flm, , 

• 

• 

1 

ceJ 

S' 

ca 

giS kilogs 

Fir, . 

• 

57 -SS M 

600-929 „ 

Gak, , . 

• 

. 110-140 „ 

1150- 146O „ 

Beech, 

• 

. 136-148 „ 

1349-1586 „ 

Copper Wire, 

• 

. 266 „ 

2782 „ 

Br.iss „ 

• 

. 340 .1 

3 SSO » 

Lead, 

• 

• 26 ,, 

272 „ 

'Im, 

• 

• 43 I » 

457 >. 

Glass (white), 

• 

. 14-22 „ 

142-233 „ 

Hempen Cord, 

• 

34-^0 .1 

350-360 „ 


Sickinger’s exp^iments give the following as the ratios of the absolute tenacities of the metals ' — 

Gold, . . , 150,955 lbs. 

Silver, . . . 190,771 „ 
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Flahnum, . . 262,361 lbs. 

CopiDer, . . 304,696 „ 

Soft Iron (Swedish), 362,927 „ 

Hard Iron, . . SS9,88o „ 

The tenacity of metals usually diminishes as the temperature increases Iron, however, is 
an exception, its tenacity being greater at 200“ 0 than at 100° C 

Retroactive tenacity is the resistance offered to a force tending to crush a body. 

The following weights were required to crush cubes of the substances — 


One cubic inch of Elm, 
„ Deal, 

„ Oak, 

Cubes cl li-lnch Edge 

Chalk, 

Bed Brick, . . . 

Eire Bnck, . . . 

Portland Stone, . . 

White Statuary Marble, . 

Cornish Granite, , • 

Dundee Sandstone, , • 

Compact Limestone, . . 

Black Alarble, . , 

Aberdeen Gi.tnitc, . . 

Cubes ol 11 Inch Edge 
Cast Iron, . . . 

Cast ( 'opper, . . . 

Yellow Brass, . . • 

Wrought Copper, . . 

Cast Tin, . . . 

Cast Lead, ... 


• • 

1284 lbs. 

• » 

1928 „ 

• ■ 

3800 „ 

Spedflo Gravity Crushing Force 

— 

1,127 lbs 

2 168 

1,817 » 

— 

3,864 M 

2 42S 

9,776 „ 

I 760 

23,632 „ 

2 662 

*4,302 „ 

2 650 

14,918 „ 

2598 

17,354 .. 

2 697 

20,742 „ 

2 625 

24,580 „ 

— 

9,773 » 

— 

7 , 3*8 „ 

— 

10,304 „ 


6,440 „ 
966 „ 

— 

— 

483 „ 


The following results were obtained with bars of the various metals, 6 inches long, and J inch 
square , when suspended by nippers they were broken by the weights given m the table — 


Cast Iron, liorirontal, . . 1 166 lbs 

Cast Iron, \ crtical, . , . 12 iS 

Cast Steel, . . 8391 

S wcdidi Iron, reduced by the hammer, 4504 
English Iron, „ „ 3492 


] II xrd Gun Mot'll, ... 2273 lbs 

' Wrought Copiier, . . , 2112 

Cast Copper, . . , . 1192 

Cast Tin, .... 296 

Cast Lead, . . , . 114 


The experiments of Stephenson, Fairbaim, and Ilodgkiiison on cast iron, showed the retro- 
aotivt- tenacity to be on an average S 7 times greater than the absolute tenacity The latter, 
calculated horn experiments on the resistance to direct tension, was found to be 10 to 11 kilo- 
grammes for a square millimetre 

I'airbairn and Tate have investigated the absolute tenacity of glass, with the following 
results — 

Absolute tenacity, determined from resistance of glass globes to internal pressure — 

Flint glass, specific gravity 3 078, . . 4200 lbs 

Green glass, specific gravity 2 528, , . 4800 „ 

Crown glass, spccifac gravity 2 450 . . 6000 „ 


The resistance of glass to crushing was estimatwl by two methods , in the first, small cyhn 
ders were used , m the second, cubes of glass, which were crushed between parallel steel sur- 
faces by means of a lever The results in the case of the cylinders are considered more accurate, 
as the cubes were cut from much larger portions of glass than the cylinders, and were probably 
less thoroughly annealed 

Mean Crushing "Weight In lbs per 
square Inch 

For Cylinders For Cubes 
Flint glass, . . . 27,582 I 3 .> 30 - 

Green glass, ... 3*>876 20,206 

Crown glass, ... 3 *»oo 3 21,7621 ^ 

For Fairbaiin and Tate’s complete investigation, see Proceedings of Royal Society, x. 6 For 
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other papers connected with the subject, see Mr Rennie’s paper on Ro‘<i!,tauces to Cinshing, 
Phil 'iVans , l8l8, Part I , and the “Britannia and Conway Tubular Brid^rcs,” London, 1850, 
for Stephenson, Pairbaam, and llodgkinson's experiments on cast iron Sec also Vulusiun 
TENSION {Tendo, to stietch ) Sec TransmagibUiti/ of Foices 

TENSION, ELECTRIC A word employed to denote tint property of the galvanic 
battery which gives nse to a current of clectneity when the terminals of the batteiy au joined 
by a wire It 13 proportional to potential or difference of potentials Tho use of tin vvoid is, 
liowever, rather vague and considerably varied by different writers In KjiLaking of stitical 
dectncity, it is freipiently defined to be proportional to that which we have called ilcitric 
density, that is, the quantity of clcctrity per unit area at a point, and sometimes as the force or 
pressure tending to effect discharge of an electrified body 

TENSION OP LIQUID SURFACES It appears that the surfaces of liquids are in a 
somewhat higher state of tension than the interior poitions, and that Inpiids may, therefore, 
when exposed to the air, be supposed to be inclosed m liquid falms or skins No duect cv idenco 
has been gathered of the existence of such films, but ccituii phenomena cm siare‘*ly be 
explained on any other supposition The fact that a tlrop of a liquid may lost foi a tune on 
the fauifocc of the same Inpinl points to a resistance to rupture of one, jirobably both suihiceH 
The phenomena of movement, when eeitaiu volatile substances, such as eamplior, uc placed in 
contact with water, are now generally admitted to be duo to tho diminution of the tension of 
the superficial liquid film where it is m contact with the vapour of tlio siibst met ’I'li it the 
bquid film, when approximately isolated, possesses great cohesion, is seen m the biibblL, very 
perfectly exhibited lu the glycenne-suap bubble A bubble coveiing a fiat img' vvoulil ilsilf be 
flat it not acted on by exteiiial forces, such as gravity , and, if the him be thin, it will have 
sensibly a flat form It is in this form, in f ict, that the mean appro xunatum of the p irts to 
one anotliGi is gn atest And the foira is therefore determined by the cxei-tioii of eoliesuui It 
follows that when the form is ilisturbud so as to give the hiihhlo film a< urvod surf lee, the effort 
to the plane will be always towards tho convex side, and this effoit will bo gicatei on the s who 
unit of fluifaco for a small bubble than for a large one, because the dep.utuio fiom tin plain is 
* greater in the former than lu the lattei case The radius of curvature is less lu the foinii i th.ui 
m the latter case The ictual force exerted by the entire circumference of a bubblo 111 con- 
tracting may be measured by blowing such a bubble on i tiibo, iiid jilunging tho other end of 
the tube m a vessel of watci , when upon tho effort of the bubble to coiitiact will be inoasiircd 
by the depression, below the genei d level, of the surface of the water 111 the tube lu tin sanio 
way, the pressures exercised by a segment of a sphcio maybe dcteimincd by blowing siuli .a 
bubble oil the mouth of a funnel, the elongated neck of w liieli is immi 1 sed ni wati i ] iiijilai c 
and Poisson havo proved th it the figure of a closed bubble, vvhcu not acted ujiou by external 
forces, must bo the sphciic vl 

TENSION OP VAPOUR Sec JJatUc Fmre of Vajiom 

TERBIUM A vcryiarc metal occurring with Yttiium .and Eibinm Its iMstence is, 
howc'vci, doubted by some cliemisvs, and its eomjHmiids aie .ilinost uiikuown (Si e / ibiiim ) 
TEEMIN.VLOR In astronomy the bouudaiy between the* illuminated and d.uk poitioiis 
of the moon’*’ disc 

TERRESTRIAL EYE-PIECE See Ercctivg Ei/rptere, nnd Ei/ejiicce 
TERRESTRIAL 'TELESCOPE A telcs^ojie to which au erecting eye piece is attached 
so as to give an erect image 

TEST OBJECTS Objects mounted for microscopic examination for the purpose of tc'-ting 
the defining and resolvmg power of object glasses Many iiatuial objects aic used as tests, 
such as the scales of the Leptdoptaa and the Podura The most trustworthy test obji ct, how- 
ever, 18 a plate of glass ruled with parallel lines of various degices of elo&cncss Nobcit’s test 
plates are marvels of machiue ruhng, some of the lines being only tl e i-ioo,oojtb of ,in inch 

apart Microscope ) or 

THALLIUM ( 0 oXX 6 s, a green bud) A metallic element discovered by ( rookes m iboi 
by means of spectrum analysis In the pure state thalhiiin is a wliite lustrous met d lescmbling 
cadmium in colour At the ordinary temperature, a freshly cut surface tamishcs instantly 
Specihc gravity, ii 8 to II 9 , atomic weight, Z03 , symbol, Tl It is the softest metal which 
admits of free exposure to the air, being much softer than lead , it is very malleable, but only 


of hydrogen .aw*, w ^ ^ 

impartB an iJiteiiBe green to and its spectrvun la seen to be absolutely niono-( bioniatic, con* 
silting of an intensely briUinnt and bharp green line , it therefore gives tho birnple-t spectrum 
of any known element. Thallium is strongly diamagnetic | it forms two oxideB-*-the protoxide 
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(TljO), andtKc soqmoxtde (TKO,) Tlip former is sohiWc in water, and has alkaline properties 
it unites with acids, forming a well dcliucd senes of ciystalhnc salts Metallic thallium is 
easily obtained by heating its compounds with reduemg agents , in this respect it strongly re- 
Bemblea lead 

THALLIUM, SPECTltUM OP When a compound of thallium, or a piece of the metal 
melted upon the end of a platinum wire, is held in a colouilcss spint or gas flame, it imparts 
an intense green colour to the flame , and when this is examined lu the spectroscope, its spec- 
trum IS seen to consist of a single green line The green liglit of mean descent thalhum is there- 
fore perfectly homogeneous (See f'pcchuin Aiiafij'^ts , Atonochiomatw Lujht) 

THAUMATllOPJil {Oav/jui, wonder , and rpivw, to turn ) A toy invented by Dr Pans, 
to illustrate the peisistence of visual impressions on the retina Two images, h wing relation 
toeachothei (such as a jockey and a horse), ire painted one on each side of a dise of cardboard 
By means of two strings, the dise is then jiut into lapid rotation when the images become sujier- 
posed on the retma, and the joc key appears to be seated on the horse (Sec Pr j gtslence of Vi^iion ) 

THEINE An organic substance extracted from tea , it is cbeimoally tbe same as Caffeine 
(qv) 

THEOllY OP I 3 XCIIANCrPiR In discussing the reflection of heat, we have di'scribed 
an experiment m which two parabolic mirrors are placed face to f lee, when i some e of he it in 
the focus of one of them causes an indication of reflected heat m the othci by tho ignition of 
iiiH iminahlu substances In place of the source of heat, Pietet placed i piece of ice m the focus 
of a mirror, and observed tint a thet iiioiiu tei in the focus of the opposite mirror indie ited 
cold , in fiWt, cold appeared to be reflected like heat In specul iting on the cause of this, Pro- 
fessor Prevost vv vs led to propound his Tlumi/ of ExchanqiB, which wis farst made known in 
1791, through the medium of the Joinnal dt P/ii/tiqiie Attordiiig to Pievost, we haic m tho 
above expeiiment no reflection of cold , on inttiehiiige of he it is jicrpctiially going on between 
all substances , they are radiating heat, and it they ladnte more than they receive, the tempera- 
ture fills, vihile, it they receive more thin they i.vdi.iti, the tnnperatvuc uses When ,1 source 
of heat IS placed in the focus of a iiiuror, and a theimometei m the focus of an ojiiiosito mirror, 
the mercury rises because the theimometer receives more heat than it emits , when lee takes 
the place of tlic source of he,»t tho irioici ly falls, because it gives out more heat th in it receives 
Even substances, winch are at the same temi>eiatuio, are siijijiosed to ho radiitmg lu'at to ono 
another, and their teinjuiature rein iiiis undiinged, bc( iiise they 1 idiite to sunoiuiding snb- 
ntaiices, just as iniieh he.it .as tiny retell o /join, suiiouiuluig siihstiuees This w is tilled by 
Provost a condition of vv^' ik rqiiilthi I'lm of temperature 'I’hcre is i perpetiiil eommumcation 
of the motion c.allcd belt to tlio ether, and absoijjtion of it fiom the ether, and whin a sub- 
stance gams more th in it losi s, it beeonies heated , while, vvlu 11 it loses more than it gams, it 
becomes chilled A very comjilcte ictoi nt of the more icccnt develojnnents of the tluoiy of 
exeh.inges IS given liy l 3 r B.ilfour Stivvirt m his I'ioUim on Jh it, in whieli he shows thit 
radiation of heat t.akes jilace, not only extenorly fiom surf icc to surf lee, but also within them 
“ In the inUiioi of substam es, as well .is in the an or vaeuo, .a stioain of radiant heat is con- 
stautl passing and iijiissiiig' m all directions, and, in the case of eonstiiit temperature, as 
this stream of he it jiis^es an}' layer of particles, it is just as much diminished by the absoibmg 
action of these p.ii tides, as it is reeruited by their radi itiun, so that the stream flows on vir- 
tually imeh iiiged both m ijuaiitity .and ipiihty, until at last it reaches the surface ” 

'J'hc same authonty h.is put Prevost’s tlieory of exchanges into the following concise 
forms — 

“ I If an enclosure be kejit at an uniform temperature, any substance surrounded by it 
on all sides will ultimately attain that tcmpeiature 

“ 2 All bodies are const.iutly giving out radiant he.at, at a rate dcjiending upon thoir snb- 
Btance and temperature, but independent of the substance or tuinperaturo of the bodies that 

BuiTQund them 

“ 3 Consequently, when a body is kept at an uniform temperature, it receives back just as 
much heat as it gives out ’’ 

THERMAL CONUUCTIVITY Conduction of Heat 

THERMAL RESISTANCE Conduction of Heat 

THERMAL UNIT (W/o/nj, heat , mjihji, one ) Bee {/nit of Heat. 

THERMO-] lYNAMIC ENUINE Bee Heat Emjine 

THERMO-UYNAMIOS {Ofpuri, heat , Siivojwy, force } We have elsewhere stated that 
heat IB convertible into mechanical work, and r*cc leisit Now the laws which regulate these 
changes, .snd which bind them together into one systematic whole, constitute the science 
Thermo dynamics In the article Heat we have traced the rise of this science, and dis- 
cussed ceitoin phenoiuena connected with it, both there and in treating of the soui cea of heat. 
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We may here mention some of the deductions of Rinkine, Clausms, and Sir W Thomson who 
have done much to develop this science The oiigmvl mcmoiis of Cluisius ire, for the” most 
part, In Porjgendoi^a Annalen, between 1S50-60, while those of riankino and Tlmmson are 111 
MiS Phdo'iophical Ti anaactions, the Tiansaeliom of the /loi/ul Soruti/ of Pihnhuu/h, the P/alo- 
aophtcal Magazine, and elsewhere They contain a full mnthfmaticvl tuatuicnt of \aiioiis 
branches of the aubjeot, which we cannot rcpiodueo here I’rofessor Rinkiiie (hfiius the lii-st 
law of thermo dynamics as follows — “Heat and motive pmicr arc nnitnally convcitihlc and 
heat requires for its iiroduction, and produces by its djsapiicarancc, motive powei in thi pro- 
portion of 772 foot pounds for each I’abienlieit unit of heat This law nny he coiisidLied 

as a paiticul.ir case of the application of two more ijcntial laws, viz — i All foiuis of mergy 
are convertible 2 The totil cmigy of any suhstuico or sysUin cnniiot ho slterid hy the 
mutual action of its parts ” The second law he defines tliiis — “ If thi total actual hi. it of a 
homogeneous and unifonnly hot sulisLancc ho conccucd to he chvidi il into any numher of equal 
parts, the cflccts of tho^c parts 111 cau->mg woi\ to bo pcifoiincd will be cqiiil " 

The applif ition of ccitain piinuplcs of thermo dynainiLS to laiioiis plunonnna of tho 
universe Ins hccii before alluded to in coniiittion with the niigm of the In, it of the sim, and 
Sir W Thomson has tioatcd the mctionc theory of the sun malluinaticallv vv itli t^ii it skill 
Although the he it of the sun may have hi tii origin illy ]>rodueoil hy the lolli mn of nnteoiic 
matter, ho dots not consider that it cm be so maintained He his ciUnlitcd the fnllmving 
table, 'vvhith shows tho iniount of belt of ''laMtition — that is, heat whnh ivoiilrl lie pio 
duced, hy the uoUiaion of tho \aiious hoilics uamed^ with the sun, in tcims of the total solar 
emission — 

llcat proilurcil ciiml to llio tnt il emis&ion 
of licit Iroin llic suit fur 


Mercury, , 

« * • • • ^ 

>eus, 21 'j dijs 

M its. 

€ * • • 12 

» 

V enus. 

• • • ♦ S3 

» 227 „ 

E.uth, , 


»f 3*^2 „ 

IJriiius, 

1610 

9f 

IS^epDlI e, . 
Saturn, . 
Jupiter, 

. . ii>t;o 

99 

. . 9*^50 

99 

. . 32,240 

99 


That IS to say, if the earth fell into tho sun, tho quantity of d3iiainio energy, winch it possessed 
when in motion, -would, when convoitcd by tho collision into In it, !io suthi n iit to piovnlc for 
the total solar (mission foi pciily 95 and the la it, ri suiting fiom tho fill of ill tho 

above pi Uietsj into the sun, would jnovidc foi the solir emission foi 45,5S5 jcais (Hee aho 
Heat , ITmt, Souicct of , Medt<iiiiriil L<ioiialinl of TTuit ) 

TIIlCUMO'CirilliKXT TluMuireiit piodiued hy beating unequally a eompoiind circuit, 
consistiu r of two oi’innie different metals, is oilled a theimiHiinint (See TknoindciUicttij) 
THElFilO IlLECTKTd JlATriHlY Kee IMtcuf, Thnmothdiu 

TllHliilV’ Erjh'C' I’ULCITY I'li itiice\iiUmint i< suits, nnilereirt im eireiinistanccs, from 
the action of hi at, and the effcCvS thus pioduced are treated of undei two ho ids, P^iodeelneil'J, 
and Tliei mn dull itity 

Seebt tk, m i S21, found that on raising the tempeintnreof one of the juiictioiiH of i circuit, com- 
posed of two or inoi c metals above that of the otln i junctions, an i li eti le i ui lent is gi ncrated, tl 0 
direction of whiili depends upon the nature of th« met ils used, mil lie i died suih iiiiii nts iltn mo- 
elect? il The same la true if one of the junetions be cooled ISeequerel nliowed that if to tin e\tic- 
mitiea of a dclieate galvanometer coil be att iched the ends of a pi .tuiimi vv 11 c, on whii li a knot is 
ticel, and if the wire be heated near to the knot, a euirent la produeed, whose diicctiou changi s 
accoriliiig as tho heat IS applied on one side or other of the knot in fict, m any non homo- 
geneous circuit, if heat be ajHilied near to a place whrro wiiit of uiiifoiimty and iiiegularity 
begins, a current la set up J iet a < opper wire hive one of its ends twisted together with an 
iron w ire, and let the other extremities of this pairof metals be attached to a galv inometcr, then 
on nearing the point at which the copper and iron are in contiet, a curieiit is jiiuiiiued, which 
flowa, unless the heat be too great (sec below) from the cojipt 1, to the non thiough the heated 
point Or, again, if a piece of copper wire be cut in tivo, and if one of the ends of each h ilf be 
attached to the galvanometer, then on heating one of tlie free ends, and pressing it igainst tho 
other, a ciurunt la at once set up, which passes fiom the hot to the cold through the junction 
Or in a wne, one part of which has been hammered, twisted, or otheiwisc stiaiiicd and the 
other not, or if^one part has been annealed, and the other not, a current is alvvajs obtained when 
hclit IB applied at the jilaco where change of molecular structure begins 

As w'e have said, w hen one junction of two metals is kept at a different temperature from 
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the other, a current 19 generated The direction of tho current, and the electromotive force 
depend upon the natuie of the metals, and also to a certain extent upon the temperature at 
wluch the whole circuit is before one of the junctions is made to vary from it h'or any one 
temperature a table may be constructed, m which the metals are arranged in order, such that 
any two of them being taken together, and one of the junctions varied a httlo from that tem- 
perature, the direction of the cuircnt is indicated by thuir position m the table Mathicsseu 
gives the following — 


A 


P 

M 

O 

a 




Bismuth, . 

• 

• 

25 

Cobalt, . 

• 

• 

. 9 

Potassium, . 

• 

• 

55 

Gei man Silver, 

• 

• 

• 52 

Nickel, 

• 


5 

Sodium, 

* 


3 

Mercury, . 

• 


25 

Aluminium, 

* 


I 3 

Magnesium, 



. 1 2 

Lead, . 

Tin, . 

Copper, , 



. 1 03 

. 1 

. 1 

Platinum, 


» 

07 

Silver, . . 


a 

. 0 

Gas Coke, 

Zinc, 

• 


. — 005 

— 0 2 

Iron, 

• 


- 5 

Antimony, 


* 

. -to 

Tclluiium, . 

• 

* 

• -179 



This table gives the orjer of the metals bctwocD 0.0° and 100® F The arrows Indicate the 
direction of tho curicnt througli the Jiui or the cM jiiiictum, and the numbers express the clcc- 
tromotii e force of dilfcrent pans of metah compared with that of a cojijier and silvoi jiair taken as 
unity For example, the cuireiit bt tween a pair rf wires of LJerniaii silver and aluiuiiiuim would 
floxv from the former to the latter though hot , and the electromotive force is found by taking 
the difference of the numbers 5 2 and r 3, that is, it equals 3 g times the electromotive force of 
a copper and silver pair Again, the electromotive force between German wlvei and iron is 
5 2 — (— 5), or 5 2 + 5i 2 It appears, therefore, that the best effect would be obtained 
from a jiair of bismuth aud tellurium , xve should obtam from them an electromotive force of 
204 Tellunuiii IS however very difficult to obtain, and bismuth and antimony are always made 
use of in consti uctiiig thenno electne batteries (See Jiattei y, and Thcrmojnlc ) 

Thermo-electnc Inicision The table just given expiesses, as wo have said, the order of tho 
metals at a jiarticulai temperature Oiiininmg, in 1823, thbeovered that the ordc'r of the metals 
depends upon the temperatuic at which the experiment is nude, but his observati ms and those 
of Leequcrcl on the same subject atti icte<l httlc notice till the matter was taken up by Thom- 
son The last named added to the list already comiiieiiced i large number of new cases of 
thermo electne inversions, and by his discovery of elcctrir toniectum of heat threw a new light 
upon the subject 'fhe phenomenon of inversion is easily shown Let a compound circuit of 
copper and iron be attached to the galvanometer, and at common temperature let one of the 
copper and iron junctions be heated above the other, the cm rent wall pass, as indicated by the 
list which we have given above, from copper to uon, through the hot junction Now, let both 
junctions be warmed up to 55°° ^ t ® constant small difference being maintained between the 
temperatures of them, it wdl be found that at a certain temperature no current passes, and that 
above this temperature the cuiTcnt flows in the opposite direction, namely, from iron to copper, 
through the hotter junction In a paper published in the J^Ail Trans , 1856, Sir W. Thomson 
gives a diagram, in which the neutral points are disjilayed for a large number of wires, and he 
comes to the conclusion, that instead of a single list to show the direction and amount of tho 
thermo-electric current, it is necessary to give a list at each particular teinpcraliure, or a sefies 
of curves to represent them. The following lists, at two temperatures, make this plam 
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Order at o'C (32? F) 
Antimonvi 
Iron 

Cailmium. 

Gold 

Silver 

Platinum (i ) 

Zinc 

Copper 

Platinum (2 ) 

Lead 

Tin 

Hraaa 

Platinum (3 ) 
Mercui y 
Pill nil um 
Nickd 
Eismutli. 


Order at aoo” C (572® E ) 
Antimony. 
Cadimumt 
Zme 
Gold 
Silv cr 
Copper 
Iron f 
Prisa J 
Lead 
Tm 

Platinum ( I ) 
Pl.itiniim (2 ) 
PHtiniim (j ) 
Meiuny 
Palladium. 

Nicktl 

Bismuth. 


The three specimens of platinum marked (i), (2), (3), were probably alloyed to cliffcicnt de- 
grees with other metals 

Thermal pfeda ptodupcd ly a ewipnt Peltier, in 1S34, showed a phenomenon the conaerse 
of that wLuh we have been conceiucd with On passing a g ilvanic Luiient tliiimgh i cncuit 
composed of two different metals, he found that one of the junctions is hcitud, lud the other 
cooled by it 'I'his may ho exhibited m the following way -Let a tireuit he foimed of tviro 
bars of bismuth with one of antimony between them , and let a gentle ( iiru iit In si iit through 
it, it will he found that the junetion at ukich the current passes fiom bismulli to lutiinouy is 
cooled, while that at which the tuiicnt passes from aiitiiiiony to bismiitli is lu iti d Jf, for 
example, a few drops '' cold water be placed in a hollow at eaih of tho junetnms, it will bo 
frozen at tho one and warmed at the other , or if one junction bo inehided in the bulb of 111 air 
thormometei, and tho current passed first lu one direction and then in tho other, the heating 
and cooling are easily disjilayed 

Thcniio ckctrieity is much einiiloyed as a means of measuring tomperatnre (.‘uniiniiig first 
mado use of it, and, afvciwaids, Nobili improved tlie method in I3J4 (Seo Tho iiioiidt ) 

THlillMOMJiTEll (ffep/XTj, he it , /lerp^ia, to meahUlc ) Although htci illy i lueasiuor of 
heat, tho instrument known as the tlierliiomcter does not uiiaMire ibsohite ijuaiilitii s of heat , 
it serves to, indie ite vaiiations of hcnsible heat in two 01 more botliis — that is, to show whether 
oneBubstiucoeoiitamsiiuneorlesSsensiblehe.it tliaii aiiuthii, and the relatioiisliip between 
such difference® Therinoinetcrs arc based upon the Liets that heat exjiatids suhsLaiiei s, and 
that the saiiio Hubstanee always possesses the same volume at a given temjieratme — tint is, 
when it has a gi en amount of sensible heat iissoeiated with it, and changes its volume eijually 
for the same change of temperature 

The invention of the theimouieter has been attributed to various iiliilosopliors of the seven- 
teenth century Sepinc have given the credit of the uivention to Galileo, others to K iiutono of 
Padua, Cornelius ILobhcl of Aleniaer, and to llobert Pludd Theie seems to be every reason 
for tho belief th it Galileo and Ifrchbel were first acquainted with it, hut win ther they dis- 
covered it separately or not is uncertain It is probable that Galileo invented the air thermo- 
meter about 1602 Castelli, in writing to Ferdinand Cesarim in 1O38, says, “About this timo 
I remembered an experiment which our Signor Galileo hid shown me moie than thirty five 
years ago He took a glass bottle, about the size of a hen’s egg, the neck of whii h was two 
palms long, and as narrow as a straw Having well heated the bulb in his hands, ho placed its 
mouth in a vessel containing a little water, and, withdrawing the heat of his hand fiom tho 
bulb, the water instantly rose m the neck more than a jialui above the levi 1 of the water m the 
■vessel,’’ This, m fact, was an ordinary air- thermometer, which indicates differences of tem- 
perature by the increased or diminished volume of a mass of air enclosed m a glass bulb, com- 
mumcating with a column of hqnid, which ascends or descends according as the air above it 
contracts or expands Gahleo apjiears to have divided the stem of his instrument into a num- 
ber of divisions , but a thermometer of this nature is affected by the pressure, as well as by 
the temperature of the air, and, as a heat measurer, is m this form quite untrustworthy It is 
frequently siJoken of as a vxather-glasa by old writers , for che air thermometer served the pur- 
pose both of ■weather-glass and thermometer from the tune of its uivention until the discovery 
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of the barometer by Toincelli, and the invention of the epirit-thcrmometer by the Florentine 
AcadeinicicUis It wa? used by Clalileo, Uacon, and many philosophers of the first half of the 
seventeenth century The thcrinometcr of Drcbbel was also an air thermometer The spmt- 
thermometer was invented by some of the members of the Accadoinia del Cimcnto in 1655 or 
1656 It consisted of a j^lass bulb with a loiif; stem, and was filled with alcohol, then heated 
so as to drive out all air fiom the tube, the open end of which was seiled— m fact, it was a 
rough form of the iKpinl thermometer of the jiresent day The tcmpeiature was meiisured hy 
the expansion of the alcohol, indicated by small knobs of glass stuck to the side of tlie tube, 
and forming a very rough gracluatioii The only one we have e\cr seen was about 7 inches 
long, and of a slightly opalescent glass (possibly the lesiilt of age) 'J'lic hiilh was nearly an 
inch iliainctcr, and the sm dl knobs of glass i(li\ed to the stem were r ither 1 irg( r tlnan pins’ 
heads Many of these spirit thi nnometers, possessing veiy vat ions shapes, aie figured in the 
Su'/fii, dt Nutuicdi ripc) /a/b nell' Aundcmia dd Vnncvto,'' puhhshcd in 1667 The 
Rpint thermometer of the Academy of (Jiinento possessed the great advuitlge over those of 
CJ-dile'i) ind lliebbol, th it it iv es iiiiaffeeted by the pressure of the air Edmund Halley in- 
troduced inoreury in place of alcohol about the year 1680 Otto Von Gucruke was the first 
to propose the freezing point of water as the lowest limit of the scale, while Hpriialdiiii, in 
1694, piriposed the buihng and freeziug-pointa of watei as the opposite limits of the thermo- 
metrij scale 

The instillment most used in the present day for the indication of temperature is the mer- 
curi il thermometer, the constiui tioii of winch depends on the fact that mercury increases in 
voluii'e under the action of heat to a much greattr extent th in glass If, therefoie, we have a 
volume of mercury in a closed glass envelope, and in connection with a capilJ iry tube, wo are 
able to appioeiate a variation of timpcrature by the position of the column of metcuiy in the 
tube, certain hxed iiositions being given ind cstibhshod 'L’he expansion of mercury in a ther- 
mometer tube for a certain increinent of heat is obviously not the absolute expansion ot the 
mcicury for that amount of heat, but the ihffereneo between the exp iiision of the moiciiry, and 
the glass envelope which contiins it In oidei to constiuct a iiureiiiiil tlurmoineter, a gl.isa 
bulb (usually about half an nieli m diameter) is blown at one end of a eapillaiy tube The 
bulb IS tlicn heated so w to oxpel some of the air which it lontains, and the open ond of the 
capill iiy tube is dipped into irienury As the vir in the hull) cools, it contracts, and a ceitain 
amount of mercury IS foiced up into the luilh hy atmospheric prcssuit Tlio meicuiy m the 
bulb IS now boiled, so as to exjiel all ur from the tube, and when it is entiiely full of inert ury 
vapoiu, the open end is .vg^’n dipped into mercury, which rises and hlls both bulb ind stem 
The bull) IS next heatoil to a higher tempi ratine than the tlicrmomeler is desued to indicate, 
winch ciuses some of tho mercury to flow fiom the opr n enil of the t.ipillary tube Tins end 13 
finally Bialed while tin mercury m the hull) is hot 1 y fusing the glass at the orihcc As the 
mercury cools it con ti acts, leaving a pm tion of the cipillaiy tube unotcujued , and this is a 
pci feet vicuum as itgards air, .iinl contains at most but an extieincly nimiitef quantity of mei- 
cury vapour When such an msttumeiit, having itlaincd the suriouiidiiig atmospheric tem- 
peralnn is warmed, the gl isa hull) and the mercury within it expaii Is. ainl the letter uses m 
the cap liny tiiho It glass uid mcTcury expanded equally, there would he no use of mereuiy 
11 tile tube, hut for an equal amount of heat mcicmy expiiuls niairly twenty times more than 
glass, hence the tliernioractiic indieatioii The delicacy of the inbtiumcnt — that is, the amount 
of ascent of the ineiciiry in the tulle for any given imrcment of heat — depends on the relation 
between the size of the bulb and the sizo of the ziapillary tube 'J’hus, it is obvious, other 
things being equal, that a thermometer, with a very iiiic bore, will he more delicate than ono 
With a largci hmc, ami that a thin fiat capillary tube will be more delieato than a cylindrical 
tube of the same breadth 

'J’JiM" 1 ir we have biiuply an instrument which, on being heated, will indicate that fact by 
the riB3 of mercury in a tube, and, on being cooled, will similarly show a fiiil of the mcreairy 
In order to acquire some idea of the degree of cliange of temperature, it is necessary to gra- 
duate the thermometer tube— th it is, to divide it into a numlier of equal parts, and for this 
puiqiose it IS essential that we have two fixed points or limits of tcmpeiature These arc in- 
variably the freezing and the boiling points of water To determine tho former of these, the 
thermometer is plunged into a quantity of melting snow or ice in small pieces, and when the 
mercury has become perfectly stationary, a file-mark is made on the stem of the iiihtrumont at 
the precise height of the column of inercniy If the scale of Celsius or Kcaumur is employed, 
this will be the zero or 0°, if Fahrenheit's scale is adopted, this point will be 32“, while if the 
nearly ohbolete scale of Dehsle 18 adopted, this point will bo 150° To determine the upper 
fixed point, the thermometer is placed in a chamber full of steam, which is kept vvt 11 supphetl 
by builmg water beneath it. When the mercury has become quite stationary, a file-mark i-s 
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made on the stem as before It is to be here remarked, that the temperature of steam m con- 
tact with water vanes at different pressures, and allowance must be made for this m deteniiin- 
ing the upper fixed point of a thci-mometer In this countiy the boiling point of water, as 
shown by the upper division of Fahrenheit’s scale, is taken as the temperature of steam’ m 
London at a pressure of 29 905 inches of mercury, reduced to the fiee/ing pomt At 1 pitssuro 
29 315 inches of mercury the temperature is 211 o’, while, if the prtbsuic be luciLascd to 
30 444 inches of mercuiy, it is 212 9° (See also Lbalhtion ) 

Having now on the stem of the thermometer our two faxed points, indicating rospcttii cly the 
freezing and the boding points of watei, it is next necessary to graduate the iiistiiuneiit Tlic 
space between these fixed points has been differently divided Delisle called the- Imiiuig point 
zero or 0°, and the freezing point 150°, but this scale is sc.u-cely employed except m soiiii p irts 
of Russia Reaumur called the freezing pomt zero and the boiling point So", so that he divided 
his instrument into 80 degrees This thermometer is much used m Geriiiaiiy A precise 
graduation of thermomctcis was first attcinjited by (Vlsuis, a Suede, about the year 1741, and 
he took the freezing pomt as his zero, and the boiling pioiiit as 100 , this fonii of scale, also 
called the Ceoinj) nde, is used throughout France, and to a great extent m otbei ceuntiies It 
is almost invariably employ ed for sciciitifac investigations m all cuimtries Fabieidu it pi oposed 
hiB scale about 1726 as the lowest attain vble cold (as he imvgmed), he mixed poundiil ice md 
salt, and took as the zero of his tlioriuomctcr the poaitionof ibu miiciiiy column wIilii mimi.rbeil 
in such a mixture He divided the space between this and tbo boiling point into 212 degrees, 
and the freezing point of water gave 32 of such divisions , thus the B\iaco between the freezing 
and the boiling point became 212 — 32 = 180 degrees Fahionhoit s scale is used to a great 
extent in England, Holland, and Noiih Amenta Any of these stales tan be continued above 
the boihng point and below the freezing point, by equal divisions, the value of a division having 
been pre-detcrmined by the distance betvv een the two faxed points It is obvious that every 
scale must be limited by the builmg and freezing points of mercury in the case uf a meicuiiid 
thermometer 

It is frequently necessary to cone ert degrees of one thermometrio scale into those of luothor, 
and this is readily effected by calculation since we have seen above that l8o° Fahrenheit eurrea* 
pond to 100" Coutigraac, or 80° Reaumur Hence — 

i" Fahrenheit = o 55° C =0 44” R 
i" Centigrade = 080° R = I 80’ F. 
i" Reaumur = 1 25® C = 2 25° F! 


We must bear in mind, however, that tho zero of the Fahrenheit scale is 32” below the 
freezing point of water, and this must be allowed for in the ealeulaliou, Tho following are tho 
formulas necessary for each conversion — 


Centigrade degrees — 

Reaumur „ — 

Fahrenheit „ — 

I? H 

Centigrade „ — 

Reaumur „ — 


5 X 9 + 32 = Fahrenheit degnes. 
4 X 9 + 32 = „ „ 

32 — 9 X 5 = Centigrade „ 

32 — 9 X 4 = Reaumur „ 


5^4 ~ i> 11 

4x5 = Centigrade „ 


In converting the degrees of other thermometers into degrees Fahrenheit, wo must be careful 
to distinguish between the actual value of (svy) Centigrade dcgices m Fahrenheit di giees, and 
the value corresponding to the temperature as shown on tlic Fahrenheit scale Thus, if the 
temperature of one room is 7" C higher than tliat of anotbei, and we desire to cxpiess this m 
Fahrenheit degrees, we must not employ the above formula For 7 — 5 x 9 -fa 32 = 44 6" F , 
and this gives us the number on tho Falircnbcit thcrmoniutne scale corresponding to 7* on 
the Centigrade scale , while wc require to know the value of 7° ^ degrees Fahrenheit. 
Now, 1° C = 1 80“ F , hence 7“ O = 7 x i 8" F = 12 6° F , or 7 — 5 x 9 12 6° F , 

which IB the difference in temperature between the two rooms expiesscd in degiees Fahren- 
heit But if we change tho form of expression, and desire to know tho temperature of tho 
air at 7“ C , as shown on the Fahrenheit scale, wo apply the above formula, and find it to be 
446" F 

The folldiving table gives tbe conversion of Centigrade degrees into their Reaumur and Fahren- 
heit representatives, for temperatures ranging between the freezing point of mercury and on 
approach to the meltmg pomt of tin — ^ 
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Table of Centigeade Theemometbtc Degrees prom + 220® to — 39“, with the Cobresfoed- 
IMG Degress acoording to the Scales of Reacmub and Fahrenheit 






Mercury expands with great regularity between — 36” F, and 212® F , that is to say the 
expansion is proportional to the amount of heat received, hence the great use of this metal for 
thermometers Above 212°, however, the expansion is less rep^lar, and the indications ureT 
consequently leas exact. Mercury boils at 660® F , and thus effectually limits the scale m one 
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directio" -while it freezes at about — 38° F For lower tenaiieraturcsj aa alcohol thermometer 
must usofl, for alcohol has never been frozen 

There are vaiious forms of thermometers, such as the •maxim.nm thermometers of Itntherford, 
Negretti and Zambra, Phillips, &c , and the -ttittiimnn tlieimomitcrs of Kutherford and 
Casella These are instruments which arc self reipstcring, and this is sometimes dfected by a 
small index within the thermometer tube, which moves with the mercury in one diuctiun ami 
not in the other, and thus records the limits of its ranye (See also Air tho momeln , Di^ercn- 
tuil Thermometer , MctaMic Thermometer , Pyiometer, Thermopile) 

THEKMOMETEPs KINNEliSLEY’S ELECTKIC An instrument used for showing 
the heat and repulsive force of the electric spark (Sec Bpat L ) Its construction is tlie follow- 
ing — Into a wide upriglit tube two knobs project tlirough air-tight fittings , ncai the bottom 
of the tube a smaller one opens into it, and this is tnrnetl vertically iijnvanl, and is left open at 
tbo top Jloth tubes are filled to the sime lead with water, winch ilocs not nsc 111 tlio 
pniicijivl tube to the level of the Iruier ball, so that the discharge between the b ills takes placo 
thlougli the all 111 tho upper pait of this tube As the sp iik passes, the air is suddenly expanded, 
and the water is depressed in the larger tube and tliroun up in the siii.dler, owing to the great 
expansive or repulsiv c force exerted on. the air in its neighbourhood by tin sjiark Immediately 
the water fall-' ba< k', tlio repulsion lasting only a moment, but it does not tike its fomcr 
level, for tbo air within the large tube is e-vpandod by heat, and the water therefore depressed 
in that, and raised in the smallei one 

THERMOMETElt, SNOW HAURTS’S ETjECTRTO An mstiuim nt used by the inventor 
for deteimiuing the beating effects of electricity m wires of dilferint metals, but of the saino 
length and thickness The following is a description of the instrument time are, however, 
seveial modifications of it A laige glass globe is pin ced with three holes, two of whuh are 
dianietiieally opposite to each other, and the third placed tipiatoiially with iispnt to these 
Through the first two metal bais project to the intciioi, which arc removcable, but which ht 
air-tight when in their places , and between the extremities of these is stretched i spual of tho 
wue to be teste>il A long tube is fastened on a hoii/ontal board to vvbieb a scale is alt.wlied, 
and its ends arc bent upwards at right angles to the tube One of tlu se emls fits an tight into 
the third opening in the globe, and the other 18 left open Within the hori/ontil tuhe is an 
index of colouied sulphuric acid oi mercury It will be percei/ed that the ajipar itus is simply 
an air thermometer with a large bulb across which the vvnes aro stretched When the eleitnc 
current or discharge is passed through tho wire, it becomes boated in proportion to thu n sist- 
ance vvlneh it offers to the passage , the air is wanneil, and exjianding, diivcs the index along , 
and by the Liws of expansion of gases and of sjh cilic heat, it is lasy^o deteiinino wliat tom- 
peiatiire the wire has been raised to The account of the instrument, and of the work dono 
-wuth it, aiL jiublished in the I’hd Trans , 1834 

THERMO MUETIl’LIER The electromotive force of a thermo electiic p iir being execs- 
Bively small, iVis nccess iry, in cases where it is emjvloycJ for estimating small diirerences of tein- 
peraturi , to use a giAvanomcter whicli shall introduce as little resistance as possible consistent 
With producing a butlicicnt effect upon the needle Such a galvanometer goes Iiy the name of a 
thermo-muUiptier It is a common astatic galvanometer or nmltipUer, in which the coil of wire 
IB short iuul th'ck About 200 tmus of wire are generally used, and of a thickness not less than 
O 04 of an inch 

THERMOriLE An instrument much used m 3xperiments on radiant host, or indeed m 
almost any case where an extremely small difference of temperature between two points is to 
be detemiined 'I’he principle of it is given under Thermo elcrtnmtij, and Jiiittcri/, liter mo-electrie. 
It consists of a senes of small bars, an inch or so long, of bismuth and autiirioiiy soldered toge- 
ther alternately, and bent at the junction so that tho bars shall lie paialld, and tlie altemata 
junctions all looking in the same direction Thirty or more such bars are generally joined 
together, the coujiles being insulated laterally by slips of varnished paper, oi by gypsum, and 
the whole forms a httlo cube held together by a frarno of ivory, which carncs two binding 
Bcrevvs connected with the first bismuth, and the last antimony VVlien the thcnriopih is used 
for experiments in radiant heat, it is generally placed in the axis of a double cone of copjier 
carefully covered witli lamp black to prevent rsididtion from external objects , and it is always 
used in connection with a galvanometer of small resistance called a thcnao-m'idlijilicr 

THICK PLATES, COLOURS OF When a ray of light falls upon a thn k juece of glass 
with parallel faces, so that it is reflected both from the ujipcr and under surface, the waves 
interfere and produce colour in a similar manner to that shown in the case of t/nn ptates and 
yrvoved lui/atei, which see 

ffJJfllN PLATERS, COLOURS OF When light falls upon an excessively thin plate of any 
substance, such as a soap bubble or a film of air between two glass plates, the w aves of light 
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reflected from the upper and under surfaces mtcifere with each other and produce colour The 
colours vary with the thickness of the fllin, succeeding each other in a certain order called New- 
ton’s scale The colour by reflected light is alwa3rs complementary to that seen by transmitted 
light The following thicknesses of flhns of air aie required to produce certain colours expressed 
in milhonths of an inch — Black (absence of coloui) o 5 , blue i4'o , orange 17 2 , bright icd 
tS 33 , emerald green 35 29 , pale reddish white 77 00 Gieater thicknesses than this cease to 
produce colour (See also Netuton’s Scale of Colours ) 

THORINLTM The metallic basis of thoiuia A veryrarc earth discovered by Berzelius in 
1828 Atomic weight 115 72 , Symbol Th Its oxide Tlionna (ThO) is a white powdei of 
specific gravity 94 It forms a senes of ciystaUisahlc salts with acids 

THROTTLE-VALVE See Goiernor 

THUBAN (Arabic ) The star a of the constellation Draco Tins star was once much 
bnghtcr than it is at present It has been Bupposed that the long sloping passage from the 
northern face of the great pyramid of Egyjit was constnicted for ^c purpose of watching the 
biib-polar mendional passages of this star, the polar star (according to this view), when the p3'ra‘ 
niid was built 

THUNDER The sound which accompanies lightning It is due to the sadden disturbance 
of the air in the vicinity of the line 111 which tho spark jiasscs It is generally a long rolhng 
sound rising and falling in intensity The duration of tho thunder peal is generally attributed 
to re echoing of the sound produced at various places 

TllUNDBR-ROD See Lii/hlnino Conductot. 

TICK, MAGNETIC See Sounds, Maqneiir 

TIDES The nse and fall of the water-, of the ocean tw^ce in tho course of an interval of 
somewhat more than one solar day, or, more exactly, corresponding lu length to the interval 
separating the moon’s successive returns to the mcndian 

The moon is the principal cause of the tides, the height of the wave raised by the sun’s 
action having, to the height of the lunar wave, the propoi tion of about 2 to 5i that the 
height of the luinsolar wave varies between the hunts 7 and 3 

It would be quite impossible to compress into the sp.ico at oitr disposal any satisfactory 
resum 6 of tho labour of Newton, Wlicwcll, Lubbock, Airy, and others, on the subject of the 
tides We refer our readers, theieforo, to Airy’s Treatise on 'Tides and Waves, Entyc Melrop , 
and the paper on the Tides by Dr Young, in the Enojc Bt it In what follows we give merely 
a general sketch of two soiuewliat contradictory hypotheses, rcspcctmg the action of tho moon 
in raising a tidal wave » 

If we conceive the case of a globe covered with an ocean of uniform depth, and that a body 
like tho moon is fixed at a given distance from that globe, it is clear that the w vtei ne.arc'st to 
that body, being more attracted than the globe itself, will be raised to a highci level But tho 
globe being more attracted than tho part of the water farthest from the body, that water will 
he left, so to speak, at a higher level. Thus the oiigmallj spherical shell of water will assume 
a prolate figure, whose longer axis passes through the moon And clearly, if the globe were 
slowly rotating, the axis of tho prolate surface would seek continually to direct itself toviards 
the itracting body, so that there would be high tide under that body, and at the jiait faithcst 
from the body, but the real summit of the two tidal waves ivould always lag somewhat behind 
its true place 

Buch is one way of presenting the moon’s action on the earth. It may be spoken of aa tho 
statical theory of tides 

But, now, suppose the case of a globe, not covered as bgfore, hut with a canal full of water 
round its equator, rotating rapidly under tJie attracting body, (which suppose in the plane of 
the globe's equator ) Then, conceiving two opposite tid il waves really to exist at any moment, 
and to travel round at the same rate as the globe rotates, let us consider the dynamical con- 
ditions under which these waves subsist At the summit of a wave, since the maximiiia eleva- 
tion has been reached, water must he passing away as quickly as it is arriving The same 
is true also of the place of lowest watei Midway between the summit of the wave, and the 
place of lowest water, we have on one side the place of most rapid increase of level, and on the 
other the place of most rapid fall At the former place, then, water must be flowing m from 
both sides, and at the latter water must be passing away on both sides Now if wo combine 
idl these motions we shall find that they indicate attractions conesponding to those which the 
moon would really be exerting if there were low water directly under her, and at a point 
directly opposite So that we conclude that tidal waves raised by the moon’s attractions 
(operating precisely as though tho particles of the water were so many satellites travelling 
round the earth under the moon’s perturbing influence) would have their shmmits on f line 
nearly at nght angles to (instead of nearly coincident with) that from the moon 
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Phi*^ IS tliG dyTiwniicol theory of tlio tiJiil wave Its results arc discordant with thoBo of the 
statical theory On this account it has njjhtly been a ud by Professor Nichol that the problem 
IS not yet one for deductive science 

For further information the reader is referred to Newton’s Pnnnpm, Lib i, Prop 66, Cor 19 ; 
Laplace, Oclcst^ I here is an interesting paper, part of which has been summarised 

abo\ o, " On the Supiwsed Possible Effect of Friction in the Tides, 111 nifliicucm;; tliu ajiparent 
acceleration of the Moon’s mean motion in Longitude, ’ by the Astronoiiicr Kojal, in the 
MonLldy Notices of the Royal Aslronomital Societt/, vol xxvi For a full accoimt of the actual 
progress of the tnlal wave, the student is referred to Johnston's Physical Atlas 
TIMBRE See CoLow of Tones 

TIME (Tenipus ) A dehnito moment, or a definite portion of continuous duration 
Under lieads Day, Month, Year, &c , will lie found an account of the 1 ariuus pi nods so named, 
and the methods of considentig them Under Loni/Uudi, the nictliods of deteiiiiiiiing the tunc 
at any place, compared with some fixed standard of time, ire dealt with licie we shall merely 
define the several niOilcs of iiidicatmg tunc or time intci vals 
Apptti ent Tun'" is time deduced from the position of the sun upon the heavens A truly 
placed sun-dial shows apparent time 

Mean Tune i^ the time shown by a w ell rcgnlateil clock, constructed to mdicate equal 
intervals coms^ioiKlnig to the divisions of the mean solar day 

Sidti eal Time 13 the portion of a sidereal day elapsed bince the first point of Aricb last passed 
the meridian 

Ash oiwmual Tune is the time indicated by a clock set to mean Holar tinn., having 24 hour 
divisions instead of twelve, and pointing to 24 at noon Let it be loininibi n d th it tin astro- 
nomicdl hours 13, 14, tj to 24, of any specified d ly of the iiioutli, signify the iivil homs 

I, 2, 3 . to 12 AM of the next day of the month 'Plius lali diiue K, means 2 am 

June t6. 

TIN A nifctalhc chment, known to the ancients under the n imo of Kassiteros (Kaacirtpos), 
from the anouut ii<ane of tlic Bntisli Isles, the Kassilcndes, wheir it w is obtainod It some- 
times uecuis native, but more frc<pit.ntly in the form of ovule, uiidei the name of tinstone, 
wood tin, stream tin, or Inissitcnte In the pure stvto tin is a linlliant white nutil of very 
crystalline texture, which produces a peenliai crwkluig noise when bent It is peiin incut 111 
the air, is very malle iblo, but only slightly ductile Spetihi giavity 7 3 Atomic wi ight 1 18 
{symbol Sn, from its Tjatm iiime iS'fauiiuiii Ituielts at 237’ (’ (l5y''F), and volatiliM s .it a 
white heat Dwmg to its peimanoiice in the air, t^n is largely used is a supeifieul coating for 
iron. Ill order to pievent rusting Platts of tins .ire known in i nmifii iic .es tin plato When 
tm jikite 01 tiiifoil IS washed over with waiju diluti <a pi.a rtgi i, it .assumes t be lutifiil miper- 
fieial cr^stilline ajipeai uiee, wliiih is wimetiiiits usid foi 0rnj.Ti1tut.1I purposes undtr the name 
of Mimic M<I<1U1<111C 'I'ht pnmiji.il compoimds lu ti’l .ue as follows — 

OxhUs of Till Pnloxide (ISiiO in the inhydious bt.att) This is a bluish black ciystalline 
■nowiUr of specific* gi avity 6 6 llediieing igeiits eisily dtoxidist it to metal, and oxidising 
igoiits leadily convert it to st<ninic oxide It forms salts which are, liowi vci, uiistaldt 
Jhnoxiile lif Tin (SnOj) is the pniitgial oie of tin It ottuis n.itive in the form of brownish- 
yellow trailshirtiit ipiadratic ei ystals of .ad.unaiitinc lusln, .and sjittifii gr.avity 6 3 to 7 ft is 
easily reduced to the mctaUic st.iti by ignition with rcduiing igerits 'J'liis oiieration is carritd 
out on the hirge stale, either in rcvc'rberatory 01 bL.st fumaets Itinoxidi ot tin is prepared 
artificially by hnmiiig tin in the air, or by acting on it with strong intne and This oxide acts 
ns an acid, and octui s in two modifications— ^A'faiinn aciil and Mihtslannic and 'They unite 
with basts forming crystalhsable s.ilts, some of which aie used meuimncrcc 'The most impor- 
tant arc described undei the he.uhng Stannates, (which sec) 

Chloride of Tin, Protoxide or stannous chloride (Sridj) is formed when tin is dissolved in 
hydroehloiic aoid, and the product evaiwrated to dryness, lieated in a crucible, and then dis- 
tilled It 13 a grayish white translucent mass, soluble in water, melting at 250“ C (482' F ), 
and boiling near redness Its aqueous solution, when cVapor.iti d, deposits large transparent 
colourless crystals of hydrated chloride (tSnClj 2HjO ) It is much u^cd in dyeing and calico 
printing, under the name of tm salt, and is a powerful ilcoxidising agent 

Stannic Chloride (SnCl4), formerly called Synitns Fuvians Lihavn, is a colourless liquid of 
specific gravity 2 2, strongly fuming in tho air, boibng at 1 12° C (234° F ) It unites readily 
with water, forming a soft buttery ma.sB called butter of tin, which is soluble in excess of water 
This salt 18 also used in dyeing and calico printmg, under the old names of “tin solution" or 
“physic ” 

Sulphide of'Tin, The disulphide (SnSg) is prepared in soft golden yellow spangles of metallio 
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Itistro, of specific gravity 46 It is knoivn under the name of Aurum Musivum, or Mosaic 
Gold 

TIN SATjT See Txn, Cldondea. 

TIN STONE Seo Tin 

TITANIUM A metallic clement discovered by Gregor in 1798, it is scarcely known in 
the metallic state Atomic weight 50 Symbol Ti Small cubical crystals of a copper colour 
and perfect metallic lustre are fiequently found in the slag of blast furnaces These were for a 
long time considered to bo mctalho titanium, but Wohler {Ann Ch Phartn Ixiii 34) has 
shown that they consist of mixed nitride and cyamde of titanium The pnncipal oxide of 
titanium is the di oxide (TiO^) This occurs native as Rutile, Analaae, and JirookUe It is of a 
reddish brown colour, very hard, and of sjiccihc gravity 42 It much resembles silicic acid and 
forms a senes of salts known as titanates Artificially prepared it is a white or light brown 
amorphous powder, insoluble in all acids A compound of titanic acid with iron is frequently 
met with in nature, mixed with magnetic oxide of iron, &c , under the name of titamfcrous iron 
sand In some parts of the woild, New Zealand for instance, it forms enormous deposits on 
the sea-slioro It is now used in iron smelting 

TOLUIDTNE An artilicial organic alkaloid of the composition Cyll^N, prepared from 
toluol , — an oily hydro-carbon extracted from coal tar of the composition Oylfg Tobndine is a 
solid white crystalline substance, easily fusible, boiling at 205° C (401° h' ), and distilling un- 
changed It is a hninologue of aniline, being the alkaloid next above it in the senes It 
unites with acids to form salts, which arc for the most part crystal lisable 

TONE ( tows , sound , rovou, to sound, from the root of reivu, to stretch L tonns and 
tono ) An interval of music (sec Musical Intertal) Also the quality of a musical instrument 
or of a musical note 

TOOTHED GEAR A mechanical contrivance for transmitting motion from one part of a 
machine to another It consists of a senes of projections or teeth regularly arr.inged on straight 
cylmclncal or conical surfaces termed letbs The jiarts arc so arranged that the teeth of one 
web act on those of another In order that the action may bo regular it is indispensably 
necessary that the surfaces of the teeth should have even and regular contact, so that at every 
instant during the motion of the paits some jiomts in the teeth of owe jiait are m contact with 
points in tho tooth of the other Moreover, the teeth should, as fai as possible, roll and not 
slide upon one another Tho cm le mid way lictwcen the grooves and summits of the teeth of 
a toothed wheel is termed the ptkh aitle The motion tr uisimtted by the contact of the teeth 
is the same as would be produced by the rolling contact of the pitch cin les 'I’o secure the abovo 
requirements tlie curves w^iicli tonii the outhnes of the teeth are usually parts of the involute 
cycloid or cpiC) cloid The thickness of the tooth vanes according to the strain transmitted 
When both wheels are composed of the same materials the teeth are of the same mzi' m both 
The intervals arc a little larger than the teeth so as to allow of freer motion The pitth of the 
teeth compiiscs tho width of the tooth and that of the interval, anil i^ measured on tho 
primitive or pitch circle Spin -toothed wheels are such as have parallel teeth lying on a 
cylindrical aurf ice or wob When a pair of spur wheels are in gear, their axes are parallel, and 
the ra'bi of the intch iirclcs arc jiroportional to the numlx-r of teeth in e leli When one ifl 
much smaller than the other the smaller is tcrirel a pinion and the larger .i spur wheel 

A lacL IS a straight bar having teeth on one side made to gear with teeth of a right wheel, 
geneially of small diinensinns, and in this case termed a pinion Wlicn the shafts of two 
wheels ire iiieliiied tho teeth are fixed on comcal mstead of cylindrical sui faces, and are then 
called hnel wheels 

TOPAZ A Bilico fluondo of alumin.um occurring m crystals Its hardness equals 8 
Specific gravity 3 4 to 3 G5 Lustre, vitreous , colour, yellow, xvhite, green, or blue It is 
insoluble in acids, and infusible before the blow pipe When of good si/e and colour the topaz 
18 used as a gem, but it is inferior in this respect to the oriental topaz, (See Coi unduui ) 
TOPAZ, FALSE Sec Quartz 
TOPAZ, ORIENTAL See Corundum, 

TORNADO See Wmdi 

TORRICELLIAN VACUUM The space above the mercurial column m the haromeler 
(s', t ) It .3 not a perfect vacuum since a small quantity of the vapour of mercury is present m it. 
TORRICELLI'S LAW See Flow of Liquids 
TORRID ZONE See Climate 
TORSION BALANCE See Bedance, Toision 
TOTAL ECLIPSE See Rclipse 

TOTAL REFLECTION OF LIGHT. See Reflection of Lighi, Toted, and* Right Angit 

Prum, 




TOU 


647 


TEA 


TOUCAN (The American Bird ) One of Eayer‘8 sontheni eonstellation'i Tlie Nubeeula 
Minor falls within this eonstcUation It also includes an e\ceedinyly nch cluster lyiiii' closely 
by the borders of the Nubecula Minor hut not touching that group ° ^ 

TOURMALINE, OPTICAL PROPERTIES OF The tourmaline occurs native in pria- 
matic crystals Slices cut from this crystal parallel to the axis have the property of being trans- 
parent to light of one piano of polarisation only Slices of tounn ihno aio therLforc 1 ug« 3 y used 
in researches on polansed light {Hee PoUn nation of Lir/ht , Point tier. Anal i/ let , Puliii ncopc) 
TOXIC JOLOCY {joHihov, poison, and Xoyor, description.) That hrancli of medicine which 
treats of the action of poisons, or the dfccta of excessive doses of dektciious substances. 
TRADE-WINDS See Wtndt 

TRANSIT {Trnisilus, .a passage ) In astronomy, the passage of a heavenly body across 
the meridian of a place (See Tiansit InsUvmcnt) Also the juss.vge of one celestiil hody 
across tho face of another, and spctnlly the iiasaage of the infeiior planets Venus and Maeunj 
{q v) acioss tlie f,ice of the sun 

TRANiSTT circle a tinmit insfi irment (ij v ), tho telescope of ivlutli is fixed hetween two 
graduated circles, so that thi altitinle of a star, .is well as the time of meruliin pass.ago, may 
be accurately noted One of the hnest tiansit cnclcs in cMsti'iice is that which was constructed 
at the Gioenmch Obsoriatoiy 111 i}56o, under the supermteiulouLu of tho Asti oiiouur Royal 
The telescope is 12 feet long, has an oljject-glass 8 inches m apeiture Tho nicies 11 ( 6 feet in 
diameter (See the woi-les named undci 2 'ianiif Insti uinciit) 

TRANSIT EYEPIRCE A tr.insit eyepiece consists of a positive eye pieeo, li iving .a 
system of cross wires in its focus, one being horizontal, and fiv(> or seven vertical, tin point of 
interbectinn between the honzontil and the central vertii al wire hcuig in the a\is of the tele- 
scope Ry adjusting the eye piece, so th it the app.aient inotiou of .1 utar causes the' latteT to 
travel along tlie Iioii/ontal wire, and recorelmg the time it p.asses over t .ith of tin* voitic.il wiic’s, 
the exact nioincnt that it crossed tho .ixis of the uistiumont can lx accurately e.ilciilatcd. 
(See Tiani/t /iiifi ‘menf, P'le piece, Poiitiie Eifc-ptcce, Mud omelet Eqe puce) 

TRANSIT INSTRUMENT A telescope so coiistiueted as to point .ilways to tho meri- 
dian It r it ites thcitrorc on a honzo11t.1l axis, directed due cast indwist Tlie lustiimient 
la employed to (Uttrr'ino the moment when a star crosses the meiidi.in As it is of tin ntmost 
importance til it such observations should be m.ode iviih extreme aeeiiiacy, ni.auy contiiv.inees 
have been idopted to m.ake the instrument work as perfectly is possible Wh it is 1 1 ijuisito is 
that the axis should be perfectly hoiizont.al, tiiat it should point duo cast ind west, and thiit 
the optic vl .axis of tlic tcleseo|io shouhl be exactly at right .angles to y; 'I’hi' metliods adopted 
for testing the iiljustinint of the telescope in these rcsjioets, will be found in Loomis s PtnilicaL 
ylsfionoHiy (a woik without which no .astronomical hbiary can bo rcgiiJcd as complete), .uid 
Pearson’s /nlindurtion to Ptatitcal Asttonnmy 

III observipg a ti.aiisit, the passage of the star across hucccssivc vertical lines 111 tho tclcscopio 
field of view (hnc ^ilk threads, or else thrc.ads fioin a spidei’s wc b aio em|)loyed), is (.uefully 
timed in accordance' witli the beats of a pcnihdum vibr.atiiig lu sidereal seeuinls 

TRANSITION TINT Apeeuliir tint produced when a plvteof tpi irtr. 75 min thick 
is VK'wed in tho jiolanscopo The colour is a pale purple, anil it changes vi ly r.ipidly to red or 
violet, according as the analyser is turned one way or tho other It is frequently m.idc' use of 
in measuring the angle of rotation in liquids which polarise cuculaily (.See Vu r utai Polat tsa- 
tion of Liquids ) 

TKANSMISSIPTLITY OF FORCES (Tiammiltere, from tiani, over or across, and 
mittei c, to send ) A iinnciplc m mechanics, which ht.ites that a force may bo aiipliwl at any 
point in the line of its direction, provided this point be connected with the* first point of appli- 
cation by a rigid and inextenwblo straight line For example, if a wt igbt be ittached by a 
cord to a sprmg-balanee, the effect will be tho same at whatever jxiint in tho cord tlio weight la 
tied Siinilaily, a force may he applied to a body, either directly, or by tho interposition of a 
rigid rod, and, supposing the rod to be suppoited indejiendently, the result will be the same 
Again, if equal forces arc supposed to be actiug in opposite diiections at the extremities of a 
string, the string will be m equilibrium, and if we tako any point in tho btiiiig, not an extre- 
mity, and transfer one of the forces to it, the forces will be still iii eqinlibriinii Hence we may 
consider the force applied at one end to be transmitted through the stung, and we may suppose 
two opposite toices at any point equal to the foiccs at the extremities Either of these is 
termed the tension of the string Siippobc the string to pass round a smooth peg, ring, or sur- 
face, m this case also the tension of the xtruig is the bame at every point 

TRANSAr,DTATION OF ENERGY. (Trans, and mulo, to cli.ange ) The principle that 
aRy one of the venous forms of physical energy can be converted into each of the otheis The 
laws of the transmutation have been definitely ascertained, and perleetly demonstrated in man^ 
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c<ise9, and the change m form haa been traced m ao many othera, aa to lead to an irresistible 
inference that one form of energy cannot originate otherwise than by devolution from pre-exist- 
ing energy We will take in lUuatration the order of classification explained under Energy. 
(See Energy ) 

Bdatuni of iJie Kinetic and Potential Energies of YiaiUe Motim When a stone is thrown ver- 
tically upwards with a certain velocity, there la given to it at the instant of starting, an energy, 
which IS measuied in foot-pounds by multiplying its weight by the square of its velocity, and 
dividing the product by twice the velocity acquired by a falling body in a second of time. 
Hence the energy of a moving body, or the quantity of work it can perform, vanes os the square 
of its velocity As the velocity dimimshea, therefore, the amount df actual eneigy dunimshea, 
but the advantage due to position increases at the same rate 

For instance, if a body weighing i lb be projected with a velocity which would carry it ver- 
tically to a height of lOO feet, when it starts there will be lOO units of work in it , when it haa 
passed through 6 q feet there will be only 40 units of work accumulated m it But the body 
being 60 feet higher than before, will have gamed an advantage of position, represented by 60 
umta , thua 60 units of kmetic energy have been changed to potential energy, and at any in- 
stant of its flight its kmetic energy its potential energy wdl be equal to the whole energy 
with which it started 

Visible Kinetic Energy and Heat Emetic energy of motion may be transformed into heat 
On the stone’s faUmg its potential energy becomes kmetic When it strikes the ground the 
kmctic energy is again transformed It is not annihilated, but has become energy of heat It 
has long been known that the actual energy of a moving body may be changed into the mole- 
cular energy of heat Pieces of dry wood when rubbed together will become so hot as to ignite , 
the bonng tools of a carpenter become hot by bemg used , when apiece of metal is rubbed vigor- 
ously on a rough surface it becomes toq hot to hold Again, when a train m motion is brought 
to a stand still by applymg a brake, the rails become hot, and sparks are seen to fly from the 
wheels Bullets shot at a target frequently show sigus of fusion after impact In all these cases 
the energy of visible motion is transmuted into heat The amount of the ono form of energy 
uhich will produce a given amount of the other, has been calculated by Joulo and others (See 
Mechanical Equivalent of Heat ) If a weight of i lb bo raised to a height of 772 feet, and be 
let fall, on stnkmg the ground it will generate os much heat as urill raise i lb of water 1° F 

Revel sihdity of Energy By means of a conception of Carnot, a principle, which maybe 
termed the reversibibty of energy, has been establislied If a certain amount A of one form of 
energy produce an amoun'I^B of another form, then B is the quantity of the latter which is re- 
quired for the production of an amount A of the former If 772 foot pounds of work must be 
expended to raise a pound of water 1°, then the heat which must leave a pound of water m 
OTfler that its temperatuic may he reduced i“, is capable of performing work equivalent to 772 
foot-pounds In the ateain engine, the heat of the burning coal is changed to energy of motion, 
and this is again transformed to heat By Carnot’s principle, if an engine by consuming a cor* 
tam amount of heat dues a gi\ eu quantity of work, by the consumption of a s imil ar amount of 
work it would restore to the source the quantity of heat taken from it 

VisMe I'lnctic Li Cl gy and Electncitg Visible kmetic energy is changed into the kmetic 
energy of electricity by a magneto electnc-machine, and into potential energy of elecbncity, 
when a sheet of glass is made to revolve against a siiiface of silk Again, the actual energy of 
electricity is transformed into the energy of visible motion when a piece of iron is drawn to the 
poles of an electro magnet , when two wires conveying electric cui rents attract one another , or 
when a current is made to pass through a wire which is near a magnetic needle, and the needle 
is in consequence forcibly deflected by the current 

Eleetncity and Heat Suppose the strength of a current of electricity passing along a wire to 
he measured iiy its power to deflect a magnetic needle Suppose the wire to be of copper, and 
the amount of deflection noted, and then let the copper be replaced by platinum, which offers a 
greater resistance to the current It will be found that the wire becomes hot, and that the 
needle is deflected through a smaller angle Energy of heat is here produced at the expense of 
the energy of eleetncity in motion With powerful batteries EkU metals are fused, even indium 
and platinum, which are the least fusible A battery of 30 or 40 Bunsen’s cells will volatilise 
ime wires of lead, tin, zme, copper, gold, and silver (See Current, Heating Effects of ) 

When a bar of antimony and a bar of bismuth are soldered together at one extremity, and 
the free ends united by a copper wire, on the apphcation of heat a current of electricity is found 
to cuculate through the wire, and the strength of the current is an exact and delicate measure of 
the heat apphed (See Thermo-electne Pile ) When a crystal of tourmaline changesjiemperatun, 
its extremities assume opposite electnc states, thus affording on example of the change of heat 
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into the potential energy of electric 5cp<aration. The Voltaic arc w a hnlliant e\ample of the 
conversion of elcctncity into the actual e'ltrgy of radiant heat and light 

GhM,iC(d Action and Heat The energy of chemical action oi chemical separation and heat, 
are mutually convertible A given amount of chemical action produces a dehnito ainuunt of 
heat, and this same quantity of heat is required to reverse tUo cheitucal changes which have 
produced it It la dilfacult to determine accurately the amount of heat eqiiualcnt to a given 
amount of chemical action, f liiefly because it la very difdoult to conhne the ti insfoiination of 
energy to these two forms only , nevertheless, the relation between the amount of he it evolved 
and the quantity of chemical action has been tletci mined by seveial eminent pliysniKt'^, mdtbo 
differences of the results of the latest evptiiments he vntliin comparatively .small liimts lor 
example, lluinford ealeulatcd that I gramme of charcoal m comhinriig with 2 ^ gi.mmies of o\y- 
gen to make carbonic acid, would ev olv e he itmifbciciit to raise the temperature of Sooo gi amines 
of water i" C Andrews made the quantity 7900 gi amines, and Fvv re uni Siilbeiiuinn SoSo 
grammes Hence the tiue ipiantity must bo neai Sooo gTaiiiuios One gramme of liydrogon 
in combining with 8 gramniLS of oxygen to foim wvtci, evolves heat siitticii'iit to laise alnnit 
34,000 grammes of water 1° C (Andrews, 33,881 , Piv'ie, 34,462) Sinnhily, the (piantitiea 
of heat evolved 111 the cumhiistioii of othci elements have beenfoundwithequalpiLcrioii (See 
Heat of CUtmicnt Comhinalinn ) 

Chemical Arlmn and Elulricitii The eheimoal action going on m a Voltaic battery 
produces elcitruity What Ixiomos of the energy of tii'diuily whnh is constantly 
genciatcd so long as the eheinieil aitnm eoirtmues ' 'I'lio cNpuimcnts of 11 Fvvic havo 
completely answered this question .fust as a dcliinto amount of i iiboj, by its nmon with 
oxygen, produces a determined qii vntity of heat, so the eonsiimption iff a deinnlo amount of 
/me m the Inttery produces a di tiintc' quantity of elcctncity whith m ita tiiin gives rise to an 
invaiuble amont of licit AVhen the iiolcs of the battery aie eonneett'd by a veiy good 
conductor biieli as a shoit thick wue, the* heat piodiiecd is eonlmed to tin b ittu-y itself , but 
when a less poifccfc eonduetoi is ii-ed lie, it manifests itself 111 the tonduetoi In this eise pvrt 
. of the heat is mi the who viid pait lu the bitteiy, but the vvliolc amoimt of heatpiodiiei dm di 
the parts of th< cuii< iit by tin eoasuniptieui of v 'given quantity of rme is the siiiie in this case 
as in the other If the clectnc enneut he used to do other woik, a coricbpondiiig amount of 


heat IS witlidiawii fiom the b ittery 

Suppose two tubes of glass, olo>cil at one end, to have pieces of platmimi wire fused into the 
closed ends, and to ho iilled with watci and placed with tho oin n f mV under vv iter in the i-amo 
vessel Let the poles of a battery be eonueeted with the pi itinuin vvnes Tlio watei will he‘ 
decomposed, ovygen eolh cling m 011c tube md hydiogcn in the other 'I’hc amount of gvs set 
free in a given tune will be propoitioual to the stiingthof the rurrent If tliebatteiy bo 
taken avv.iy, and the ends of iilatirnim be connected by a coppei wire the* gas will soon disq;- 
pear and while it is ]vassiiig into water acuiieiit will bo found to ciiciilate the vviic in a dircetiiin 
opposite to that wliuli piodiiced the deconnio''ilioii lleie thui eli cUieity in motion jiroduccs 
energy of chemical separation, ind the latter again icprodiiccs the foiinti 

Jhmptiiwn of Eiici tji/ Although we may dt finitely csliiti ite the exact equivalents of the 
various forms of energy we are not always able jurfcitlyto riweiscagivcntraiismutitioii ler 
instance a given quantity of mechanical work will produce an tf|Uivalciit amount of heat, and 
if all of this heat could be changed into mechanical woikthe origin il amount would lie produced, 
but wc are never able to reconvert all the lieat into work (sei JJattJiti'jine) lim igy whu h 
cannot be reconverted to its in cv urns form w said to be dmipaUd Dissipation of eneigy is 
constantly going on throughout the universe Thus, the iiurgy of the sun’s rays prodnee 
streams of water, winds, and currents Ry its action on plants it separates carlion from oxygon, 
a process which is levcrsed when wood is ignited The moon and tlie sun givo nso to tidal 

energy Thtomh all theie channels encr/y m being ronstanUy dissuttKd ^ ^ 

Taking, therefoie, the foims of energy as classifacd umler the aiticle energy, wo find that 
kinetic encr^'y of visible motion may be traced into visible potcntnil etierpjy, heat actual and 
potential, and electricity Visible potential encn?y ni ly become ai ttial oi kinetic, and through 
this may pass into the other forms Electricity, kinetic and jiotential, may be tranuformcd into 
energy of visible motion, into heat or light, and into chemical action, or the potential energy of 
chPTnipnl separation, and all these again may reproduce electricity Heat may produce visible 
motion, electricity, or chemical action, so tliat, either mediately or irnmedutely, each form 
may produce anv of the others Actual energy, of all forma, may he transformed into potential 
enerirv, and may remain m this state for an mdefinito period of tune Ihe energy of heat 
which is denvfed from tho combustion -of coal, was ongiually derived from radiant heat and 
bght received from the sun, but has been re m aini n g in store for ages 
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Sir iT olin Herscliel wrote the following rcmaik iblo passage on tlie transformations of tins 
solar force — 

“ Tlie sail’s rays are the ultimate source of almost every motion which t ikes place on the 
surface of the earth Ey its heat are pioiluieJ all winds, and those disturhanccs in the electric 
equillbiiuin of the atmospheie winch give use to the phenomoha of lightning, and, piobably, 
also to terrestrial magnetism and the aiuoia By thciv vivifying action vegetables arc enabled 
to draw suppoit from inorganic m ittei, and become, in their tuiii, the bujijioit of animals and 
man, and the source of those gieat deposits of dynaiiiieal ofheiency which aie laidiip foi human 
use in our coal strata By them the waters of the sea aie made to circulate iii vapour through 
the air, and irrigate the liiid, produenig spimgs imliivcis By them aie piodiiced all disturb* 
anecs of the chemical equihhi mm of the elements of nature, winch by iseiicsof eoinjiositious 
and dceoni positions give use to new piuducts .uid oiigiiiate a transfer of niateii ds Even the 
slow ilcgiadation of the solid constituents of the biuf ice, in which its chief geological change 
consists, 13 almost entiic'ly due, on the one hand, to the abrasion of wind or lain and the alterna- 
tion of heat and fiost , on the other, to the continual beating of sea waves iigit ited by winds, 
the results of solar radiation Tidal action (itaelf partly due to the sun s igcncy), exercises here 
a comparatively slight inhuenco The effect of oceanic cunents (mainly oiiguiatiiig in that 
influence), though slight m abrasion, is powerful in diffusing and trausfoimiiig the matter 
abraded, and, when vie consider the immense tiansfei of nutter so piodiiccd, the ineicase 
of pressure over large spaces in the bed of the ocean, and diiiiinutinn over eoi responding 
portions of liiiJ, wo are not at loss to perceive how the elastic force of suhtcnancau fires, 
thus repiessod on the one hand and released on the other, may break forth in points whero 
the resistance is barely adequate to thtir reteiilion, and thus bnng the jihenoiiiena of even 
volcanic activity under the genei il law of solar inline iice ” 

We have seen that there can neither he eieitioii nor anmhilition of energy so that the 
total amount in the universe is constant The i stahhshmeiit of this general 1 iw has suggested 
the inquiry into the origin of the sun’s cneigj Tlieoiies of comhnsliou have bei eii pro- 
pounded, but it has been clearly shown by Su W Tliomsoii that clu mie d cuTiibinatiun is 
inadequate to pioduco the solar heat Mi Watti ston jirojiosed a tlieoiy vv liith has found cousidcia- 
blc favour, and is usually termed the metoone theoiy Jleconsideied that tlie existence of tho 
masses of matter which an knoivii to bemoimg through s)>aee togethei with thel iwof giavita- 
tion IS quite Bulluieiit for tho piodiKtiou of the licit of tho sun It is highly pi obable that 
mctcone masses of in ittcc ficquently eoine into eolli-ioii with the sun, aiidth it tlieii lueehameal 
force 18, m consequence, couveited into heat , but there is nothing to show that tho shower of 
meteois 13 such as would restore to the sun all the heatwlneh he gives out Indeed, fiomwhat 
we are able to see of the dissipation of tneinv and the opciation of the pnneiplo of degiadatiou 
thiougliout the uiiivcisc, there is i east m to believi tli at the sun emits nioie heat than he re- 
ceives and that only a Huffacieut length of tunc is icquued fur tho coiuxilctc dissixiatiou of the 
solar energy 

TEANSMUTATION OE EAYS A term introduced by Professor Clnilhs in 1865 (Phil 
Mat/ , p j 36), to express the alteration winch lays umleigo when they arc Bubimtted to certoux 
actions In Professor Stokes’ exxieiniiciits on fluorescence, the ultra violctiaye of the spectrum, 
■which jjossess great refrangibihty, and are incompetent to excite vision because then rapidity 
of vibration is greater than th in that of any visible rays, have their vclueity reduced, and 
tlicir refiangibility lowered, when they at once become vi-.ible So also in Professor Tyndall’s 
ex]ierunent8 on caloresccnce, the ultra red rays of the sx>eetiura which piosscss low refrangibihty, 
and are caused by vibrations which are too slow to excite the sense of vision, liave their 
rcfrangibility raised and their velocity increased, and then become visible In both instances 
invisible rays are transmuted into visible rays (Bee Fluortscence i Calm escence , Ohseme 
Jleat ) 

TKANSPAEENCY {Tians, through, andpnrco, to appear) That property of a body 
■which allows rays of light to pass through it It is the opposite to opacity, and like this 'term 
is sometimes extemled to the whole spectrum Thus we Bjicak of a solution of iodine in bisul- 
phide of carbon as beuig transparent to heat, and of rock crystal as being transparent to the 
actinic rays 

TEANSVEESE MAGNET A name given to bars magnetised in a direction at nght 
angles to their length , so that they have their poles at their sides instead of at their ends 

TEA YELLING BAEOMETEll See Furomttcj 

TEEVELYAN’S EXPEEIMENT In 1S05 a curious observation was made in some 
smelting works m Saxony, A mass of hot silver had been placed upon an an^m to cool, dfad 
-while cooling a pecuhar humming sound was heard to proceed fiom the silver, which was m a 
state of rapid-x aviprocal motion. In 1829 Mx. Arthur Trevelyan by chance laid a hot soldenng- 
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iron upon a mass of lead, and here, aa in the caso of tho bilvcr, a sound was licaid and the 
soldering non was observed to be m oscillation This led Mr Tre\ olyxn to m live a iminb. r of 
expeiunents on the subject, with a view of asceitaining the cukt of the sound, and the best 
means of producing it, and he devised an mshuiiient for the piiip(jsc whioli is hnown as 
“ Ttculyan'a InaU ument " It consists of a tliitk piece of brass about four ukIios Ion., bv two 
inches wide, and of a \arying tluckiioss in the same insti ument of fioin tin oc qu ii h.^i s of an 
inch at the thickest poition to one quaiter or less at tho cdi,cs In foim it is souicliuu s ttiaii- 
gular, soinetiiiies oblong, with one of its broad sides coiulv Lengtliiiise tbere is \ ^icoie in 
the convex side of the brass, and a bar of nicUl about a foot long h connected 11111111]. Inass 
to serve as a handle for conveiuence in removing it fiom the bic Tlie giooitd piece (.t brass 
is called the locUf, and is the repicsciitative of the siliei ingot, and of tlic soldi iing non, in 
the original cvpoiiments It is heated to a temiieiatuio of 300“ or 400° !<’ , and is then jdaccii so 
that the grooved suiface rests upon a block of Icul It iiuniediattly eiitcis into vibi.ui.ni, viiid 
aclear musical note is heaul, ivliicli may be vviicd m p.tch by wcigliting the linker , most con- 
vcniontly by slight prossme, as ivitli the iMiint of a jicucil SoniLtiiucs the roikei consists of a 
convex piece of brass without a gi 00 vc, which is placed upon a iiiig of lead ilct jilv giooved 
beneath tbo hr . s rockci In either case, theio aic two ihlfcient met ils in coiit.u t by means 
of two sluap cJgos, and the cause of the musical note pioductd, is the simo Jt is i msed bv 
the sudden expansion by heat of the cold iiietil with wliieli the hot loekir is 111 eoiitait At 
tho point of contact a small bump is 1 used on the Icvd by the belt of the lockci, and tins tilts 
up the rockei, and causes another poitioii of it to come 111 contact witli the kid on tlu other 
edge of tbo groove , a second bump now uses, and throws back the rockei to the othii ^ide, 
and so on These rocipiocal moti.nis follow each other with Riilliiieiit rapi.lity to jnodiuo a 
musical note Of coiuie, the ainphtmlo of oseillvtion of thu rockei is exceedingly small , to tho 
eye the motion is scaiecly apjiaieut, but wheu a minor is att icbcJ to tin iqipei smf lee, .md a 
beam of light reflected tliei .'from toadistmeo, this long index enables tho vibiatory metion 
to bo di-tuietly followed O’oict lollim/ balls aic instances of tlio simc elTect; A light metal 
ball is placed between two metal rails, and seiics to eoniieet tliim , ami by tins nu us to <loao 
the circuit of a voltaic battery, vvitli the opposite poles of which they aic coiineeteil At the 
contact of the ball witk the rails, the ekctiic cuiicut sufFeis a gicater resistance tli.in when 
passing tliKiugh the coutuiuous metals , hence heat is dci eloped, the puition of the 1 iil mnno- 
diately beneath the ball is raised, and the ball moves This action is obviously analogous to 
tli it which causes the inoveuiont of the rockii lu 'i’rcvcljau’s expeument 

Couiuieiitmg oil the pioductiou of motion and of sound lu tho 'I'lofel^.in expoimient, Tyiid.all 
says — “ Looked at with ri'fereiicc to the couucelion of natural foreca, tins evpcument is inter- 
eating The atmua of bodies must he legardcil is all but infinitely numerous Tlie augimnta- 
tion of the anijilitude of any oscillating atom by the comiiiuiiieation of licvit is insi iisiblc, but 
the aiuiiinatioii of an almost uifimte number of such augiiicntvitioiis bi^comcH scii-iibK tSiiih a 
Biimination, efteeSud almost in au instant, piuduccs a njiplo, and tilts the heavy maea of tho 
roeker Here vve have a diieet coni crsion of heat into eonimon meehanieal motion Rut the 
tilted rockei falls a^ainby giavity, and in its collision with tho block, lestores almost the pre- 
cise amount of 1 1 it which was consumed lu lifting it Hero we have the diieet eunveiKiuii of 
common gravitating foiee into heat Again, the loekcr is surrounded by a medium tait.ablc of 
being Bet in motion The air of tins rmiui weighs soiuc tons, and every particle of it is .-li.ikcn 
by the rocker, and every tyinpaine membrane, and every auditory neivo piesent is similarly 
shaken Thus vve have i/ie com ci stoa c/« poitioii e/ f/te /tc«< uUu souiiU And, finally, every 
sonorous vibration which hpeeds through the air of tlm. room, and wastes itself upon the walls, 
seats, and cushions, IS cunv cited into the form with which the cycle uf oelioua cummeuced, 
namely, into heat ” 

TRIALKALAMIDES See Amides. 

TRIAMILES See Amides 

TRIAMINES See Amides 

TRIANGLE OF FORCES This principle is thus enunciated — ^When three forces acting on 
a particle can he represented in magnitude and direction by tbc three sides of a triangle taken in 
order, they will be in equihhi lum This is an easy deduction from the parallelogram of forces 
(see Composition of Forces) , for if we obtain a parallelogram, of which two adjacent sides re- 
present two of the forces, and tho diagonal their resnltant, we can see that a force equal and 
qppoBito to the resultant will keep the system in equilibrium This is the precise effect given 
by taking the sides of the triangle m order Thus the forces represented by the bkIgs of the 
tfiangle ABO, net in a direction respectively from A to B, Lorn B to C, and from (J to A If 
one be reversed, they no longer represent forces m equilibrium Ths directions of the forces 
are supposed to pass through a point, and the sides of the toangle to be parallel to them. 
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Tlie Converse of this proposition is also true When three forces, acting on a particle, are in 
squihhrium, the snles of any triangle vnich arc parallel to the hues of action of the forces arc 
also proportional to the forces Again, applying the geometrical priiicijile that, it there be two 
triangles, such that the wiles of one are respectively perpendicular to those of the other, then 
these sides are proportional, wc cm further add to the above pioposition, that if lines be drawn 
perpendicular to the direction of the foicts, they will be proportion il to the forces 

I'lom the tiiangle of foiccs it follows that, when three fortes, acting on a point, and m dif- 
ferent directions, are in equihbnum, tlie sum of any two is greater than the third The only 
case where the sum of any two foices may be equal to the third is when the tnangle vanishes, 
and the forces all act in the simo straight line the hist two licmg opposite in direction to the 
third Agam, it throe forces in the same plane, not parallel, <ire m eipiilibnuin, their directions 
pass through the same point Kor if two meet in a jiDint, they may be replaced by their result- 
ant , and in ordci that this resultant may be in cquihbiaum witli the third force, they must act 
in the same straight ime, an<l, consequently, the line of action of the third force must pass 
through the intersection of the hrst two 

TlllANdllLA (I’lie tiiangles) Triaiignlnm Boreale, nr the northern triangle, foimed 
one of Ptolemy’s eoiistcllations llevehus with liis .icciistomi d iiigciniity in devising useless 
additions to the celestial spheie t jrined the loiistollation Tn mgiiliim Minus The two tnangles 
arc now convenieiitlv included in one istensin under the niim Tnangiili 

TRIANOlJMJAi (Abbreviated In m J'l iaii</iilnm An\tiale, the Southern Tnangle > One 
1 1 I’tolemy’a southern constellations It loiitams several eonspieuons stars, anti is an altogether 
tmer Cl nstcllitioii than the northern tn ingle 

TRTA'IOMUJ ALOUHOTiS i?iee Alcu/tols, Sa ica of 
TRIOllROISAt Hee Ihdiuiiain 

IRTE'l'IiyL I’HOyPllllsE Anorganic phosphonis base (see Phoiplmiis linsn) formed 
from phosphuretted hydrogin, by replacing the three eqim ilents of h^vdiogen by ctlijl its 
composi ion IS (C^H^liP it is a ti inspaitnt coloinless ]i(|md, of speeihe gicvity obl2 Tt 
boils at a" r‘ 'J fgfil s, K) Its odoiii lescmbles that of tl.i li> umth Tt imitisccith acids, 
&o Its most r^,markal)lo Aaractcnstie is the delu «y of its reaction with ilisnlphulc ot i irbon. 
When the vapour of tins eeinijoiind is illoued to fill upon a solut,ioTi of tnothyl jihosphinc m a 
watch glass it oom beiomes covircd with be lutiful rid er/stals, hiving the loinposition 
2(0 jH,), 1’ CiSg So delK lU IS tins t-'t, that a solution of tnetiivl phosplimt in alcoholmay be 
asfeil to detect the pi jscni c of ibsul]ihi(Io of c iibon in i o.il gas, very few s imples of wliieli, when 
allowed to bubble thiough iic sul itioii for ten min ites, } ul la show a 1 1 d i oloui 

TRIPLET A BUiqile fonn of im i isiope smuUi to Wolhston’s Dmibtft, but having a third 
lens, double convex, ami of short focus plui d liclweeii tli“ two piano comex h n^es 

TROMPE (I’l tiowfic, a ti limpet, iwitiisjnmt; An airaiigcineiit for pioJiicing a blast 
by means of a stream of watfci falling thrmigh i tube Rw.is invented about the middle of 
the seventeenth cciiturv ’Ihccarluat lei emit of the in volition is in a woik. by Eathcr Jean 
Eran^ois, iiubhshed in it'JSi whidi there ,s i section entitled ‘ Un Meslangc dcs J'laux avec 
i Air, et d’une invention pom cveiter iin \ei.t imiietlleux ” Seviral inodihi ations of the trompo 
have been constructed since its lust invention, the mam diff crone o consisting in the way in 
winch air is allowed to e liter the tube The modem tiompe consists ot a large cistern, in which 
there is a constant depth of from 4 to 6 feet of water Erom the bottom of the cistern proceed 
two tubes fiom 20 to 30 fiet long, the lower ixtremities of which pass into a wooden wund- 
chest, furnished with an arrangement for keeping the water at a eeitam level, so that no air 
can escape except by a blast pipe 111 the uppei pait of tlie chest Reiieath the lower extienuty 
of each tube there is a flat iron plate to break the fall of the <lesceiiding water The upper part 
of each tube is contracted at the point where it j jins the cistern, and immediately beneath the 
conti acted part four holes are made in the circuiufcreiice of the tube When water is allowed 
to flow from the eistein into the air chest, a quantity of air is earned down with it, and a per- 
fectly regular and constant current of an issues fiom the blast pipe Eor the histoiy of the 
trompe, explanations of the cause of the descent of air in different modifications of the instru- 
ment, and an account of the most favourable conditions under which air is earned down by a 
stream of water, see Mr G E Rodwell s paprr m tho Pfiiloaophical Magazine for Sept 1864 
TROPICAL YEAR See Year 

TROPICS {rpovTi, a turning about ) In astronomy, tho parallels of decimation through 
the sun's solstices (See Cancer, and Capricoiniis ) 

TUNGSTEN A metallic element scarcely known in tne pure state, but it appears to be 
very hard and infusible, and of an iron grvy colour Specific gravity 17 to ifS Atomic 
weight 184 Symbol W (from Wolfram) The only compound which need be noticed is the 
tnoxide of tungsten (WO3 ) This is a lemon yellow powder of specihe gravity 5 ij It mutes 
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with bases to form salts called tungstates Of these the sodium salt (Na^O WOjl is of some 
importance as a mordant in dyeing and calico prmtmg, and it has also been proposed for 
rendering textile fabrics uninflammable 

TURACINB An animal pigment discovered by Professor Church in the primary and 
secondary pinion feathers of four species of Touraco or Plantain cater It coiit uns 5 9 per 
cent of copper which cannot be removed without the destniction of the rolounng inattci itself 
The spectrum of 'I’uiacine shows two black absorption bands (See P/iiZ S’kom 1869) 

TURBINE (Turbo, anything which levolvos) A hoiizontil watei wheel, with mclmed 
vanes attached to the sjKikcs, so as to form ixn turns of the surface of a screw, like the soils 
of a windmdl A stream of water descends on the wheel, passes thiough it, and causes it to 
revolve 

In 1849 Mr Ruthven patented a turbine wtcw for steom ships, which has been tried with 
some success in the iron-tlad gun bo it W ite*r\vitib {See also Water 11/iuh ) 

TUllBITH MINEllAly UtifpMit . Alutmif 

TUllPEN'i'IJS'E, OIL OF AvolatiU spiiit vif the composition (C|„TT,r.\ extracted by dis- 
tillation from the viscid resin exudiiig from eonifeious trees Its spoeihc ni ivity is about 086, 
and its boiling ,nnnt about 170' (’ (35b F), but this vanes m dilfercut saiuiihs It is a 
colourless niobiiv^ lupiid of a peculiir stiong odour, insoluble 111 walei, and much used ns a 
solvent for luiiiy gtmis and ie--iin 

TWILTOIIT The light which roiitmiics aftc'i the sun has set It is duo to the f ict that 
the sun illuminates pirt of tho atmosphere ibove the lion /on pi me of the obsiiver, some tiino 
aftci he has sot T-uiIor the head will ho found some reniaiks on the height of the 

atmospheie as deduced from the dm ition of twilight It is iisii illy cnnsidcn d tint twilight 
lasts until tho sun is iboiit 18'’ below the Imii/on Twilight, theiefoio, 1 ists loiigi 1 m high 
than 111 low liviludos, because in the fomwr the snu s path is uiehiieil at a smilh r lugle to tho 
honzon, bO th it he h w to travel so a longi 1 iic before lus viitical di]>rcsbion In low the hoii/on 
IS ho much as iS' In snminor, ui IvtitufUs luglici than 48',“, there is no iial night, beeanso 
the sun’s mulnight depression below the hoii/oii being in spniig tho eompUnioiil of tho 
latitiuU, iiid in sunmiei 23^ degrees less, is foi pueh latitudes lebs at midsunnnei than 18'’ 
TYt/llOlNlC ayb'IBM T'ho system by which Tycho Bialio endeavoiiied to aieonutfor 
tl e motions of the sun, moon, and pi niets He supposed that all the planets circle round the 
sun but that the sun and moon csrclo round the cailli 

TYPES, MULTIPJiE AND MIXED According to Dr Oelling — 
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iHjOl 
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Chlorul liyilrf+e 

Cliloriil amide 

Hydrat amide 

(soa” > Cl 

11 ; 0 

(,SO^" 1 Cl 

Hj JN 

(SOj)" 1 Tf 

u, \o 


TYPHOON. See Wmda. 


u 


ULMIC ACID See Humic Acid 
ULMIN ACID See Jlumic Acid 
ULTRA RED .RAYS See Obscure JTeat , Caloi cscence. 

ULTRA-VIOLET RAYS SeeArtinm/i 

UMBRA See Ecluise and Penumbra , , , 

UNANNBALED (ILASS, DOUBLE REFRACTION OF. Pieces of unannealed glass 
cilt and polished to tho shape of cuheS, discs, triangles, Ac , are fre.mently used for exhibiting 
rte phenomena of coloured polarisation The state of tension in which the particles arc kept 
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renders the glass double refracting, and when examined in the polanscope a brilliant coloured 
pattern and a bl ick or white crobs are seen (See Polai isation of Liylit ) 

UNUULATORY TlIEOllY OE LIUHT The theory of light generally adopted at the 
present day It pie-supposes the existence of a iiiiivrors.il ethere<il medium infinitely elastic and 
subtle pervading all space The sensation of light is oeeasioncd by rapid oscillations, vibrations, 
or waves in tins impoiideiablc ether A lunmious body, a candle, foi instance, is supposed to 
be capable of exciting these vibrations, which are thence transmitted iii all directions in straight 
Imes with a velocity of about 192, exx) miles per second 'J'ho analogy which exists between the 
phenomena of light and sound, as well as the rem irkablu concordance between the observed 
phenomena of light and those pieihctcd by mithematical investigation, render it m the highest 
degree jnobahlc that the uiululatory theory of hght is veiy near the true one 

fcjir ■Tolm Ucischel gives the following table of the number of wav es comprised within the 
space of an iiiih, constituting dilfcrciitly colomcd lights , also the number of each which strike 
upon an object, the eye fur instance, 111 one second of time — 


Colours of tlio 

If umber of IfndulaUons 

dumber of Undulations 


in an im It 

111 n second 

Exticmc red, 

37640 

458,000000,000000 

lied, 

39ibo 

477,000000,000000 

Intermediate, 

40720 

495,000000,000000 

Orange, 

. 41610 

506,000000,000000 

Intel mediate, 

42510 

51 7,000000,000000 

Yellow, 

44000 

535,000000,000000 

Intermediate, 

45600 

S 5 5,000000,000000 

Oreen, 

47460 

5 77,000000,000000 

Intermediate, 

49320 

600.000000. 000000 

622.000000. 000000 

Blue, 

51110 

Intel mediate, 

. 52910 

644,000000,000000 

Indigo, 

54070 

658,000000,000000 

Intel mediate, 

55240 

672,000000,000000 
699 000000,000000 

Violet, 

57490 

Extreme violet, 

59750 

737,000000,000000 


UNIAXIAL CllYST ALS See Ci ystah, Optir Axis of 

UNISON {Uum, <ju8, and \otms, soimd ) In music an accordance or coincidence of 
Bounds jirocecdmg from an equality 111 the number of vibrations per second of the bodies pro- 
ducing them, as in tlu> notes jiioduccd by two strings of tlie same length, tbiekliess, and tension 
UNIT ISfAGAETlO POJjE DtfirUwn Aimit migiictic pole when, placed at unit of 
distance flora an C(|ual and similar polo repels it with unit of force 

In electneal and magnetic measurements the mcitical system of length, mass, &c , are now 
employed by the most accuiate writers, and by the best electricians According to this system 
the part -mlansed dcliiution of a unit magnetic jxile stands thus — a unit magnetic pole when 
placed at a distance of one centimetre (o 3937 inches) from an equal and similar pole repels it 
with a force, which if ajiphed to a mass of one gramme (15 43 grams) for one second would 
generate m I't a velocity of one centimetre per second 

UNIT OF HEaT Ah thermometers, (although htcrally measurers), only indicate relative 
quantities of heat, it is necessary in all cases m which we desire to measure an absolute amount 
of heat, to adopt some dcflmte and hxed quantity, some standard or unit in terms of which we 
can express any other quantities we may desire to notify The unit of heat generally adopted 
in this countiy is the amount of heat competent to i-aise one pound of water through 1° of 
Fahrenheit's scale The weight is avoirdupois, and the water is weighed in vacuo at a temper- 
ature between 55'“ and 60” F Sometimes the quantity of heat necessary to raise i lb of water 
from 0° to i" Centigrade is taken as a unit, while on the contment the unit or calorie is the 
quantity of heat necessaiy to raise I kilogramme of water from 0° to 1° C The former of these 
is readily converted into the latter, for 1 calone is equal to 2 2 of the umt m which I lb and 
1° C are the terms, while this latter is equal to o 45 calone 
I^NITS, ELEGTItICAL The units now generally employed in electrical measurements 
are those decided on by tbe committee appointed by the Bntish Association for the Advance- 
ment of Science, to consider the standards of electneal resistance It appeared to the com- 
mittee that the only system consistent with our present knowledge of the relations existmg 
between electneal, magnetic, thermal, and chemical, phenomena, and of their connection with 
the fundamental umts of time, space, and mass, is that known as the “absolute” system, in 
which the umts employed are dinctly denved from those fundamental umts. There are four 



UNI 


G 55 


UNI 


elcctncal tlumcnts capable of measuiement, stiength of the cuiiont, ckctio inotixL forte, 
resiataiite, and ([uantity, and, taking into consideration the work dime by the nuiLiit, the 
units are dtfaiied so as to satisfy the following relations wliith ha\c bcLu shown to bo possible 
by the losearches of Weber, Thoiuboii, and Utlmholtz “The unit cuiisiit tou\s>-, a unit 
quantity of dcctiiuty thiongh the ciicnit in a unit of tunc The unit cniicnt in i comliutni of 
unit rcbibtaiicc, pioducts an effect eipnialent to the unit of woik m the unit oF tnno The 
unit current will be produced in a ciicuit of unit lesistance hy the unit lIccIio niolm foicc ” 
There ib one uioie condition added, which is one or other of the following “The unit iniient, 
flowing through a coliductoi of unit length, will cxoit the unit foiee on a unit lii igintie \iule it 
a unit distanee,” or “the unit quantity of clcetiieity will repel a -oiiiilu quantity .it llie unit 
distance with a unit foict ” Each of these, sati-sfying aho one or other of the 1 ist eoiidiLioiis is 
a consistent system , one n founded on the estini ition of ele'i tuc quantities by clci Lio in.ignctic, 
tlio other hy clectiostatic clltcls \Vhen the unit of elcctiic lesist.inee is detiiUd on, tin 
magiutudeb of the units in the two systems aie detiinuned 'I'hese niai'iiituiUs no not the 
same, but they bear to each other ii fixed »il ition whieli has been dcteiinuied The following 
IS the way iii whieh the unit of icsistaiiee is di fined — 

When a wire is movid lemss the lines of iiiigiietic force a cnireiit is genoi ited 111 it whoso 
strength, otliei things leiniimiig the same, is piopoition d to the nuinbii of lines cut in a 
given time Kiqiposo that a loel one nietie long weic cuised to slide' upon two (oudueting rails 
m connectum with the 1 aith, pi iced iii such a position that the lod 111 its motion upon the laila 
cuts the hoii/oiitiil hues of the eiiths inagiielie foice at light angles, and let the whole 
resistance of tlie eiieuit thus formed be by some iiie.uis ki jit eoiistaut foi every posilion of the 
shdei If the slulei be moved dong with a lived veloi ity a emient whose stun 'th di pends 
upon the elei till lesistmeeui the cuiuitwill lx. geiuiited lleiiie dso the' lesistuiee of a 
circuit vs puqii lUoiul to the' \ i loti ty with which a sluler of unit length must move uross a 
magnetic fiehi of unit iiiti iisity 111 older to generate a unit i uuent in the cm lut '^I'hi unit 
of cleetne lesist nice, then, is defined to be that in vvlueh a slider of ono nietie li iiglh moving 
with a vcloeity ol 10 x lo'' (ten million) metres per second aeiuss the line ol foiee in a magnetic 
field of unit iiitt nsity would geneiate unit enutut 

To ixifoim the expeiiineut jiist indicated would be scarcely possible, but by a iiiitliiHl sug- 
gested by Thomson, and used evpiuinuitdly byRlessis IMixwill, lliltmu Stewait, .ii'd deiikin, 
the resist inco of lainms wiics hive hien deteimiued ni tiiiiis of tins ihsoluli unit of iisistmce, 
and coils have hecn coiistiuetcd whoso losislaiiee in twins of it is iccin itily known mil mpicii 
of the ahboliite unit e.irefully eonstiucted by comp iiiaoii with them are fuiiushed thiougu the 
Biitish Asbociatnm 

I’or fuitlier details on this subjeit, and for the pi oof of the fund imcntal pi i>iiositious which 
we have icfciied to aliove, tlie leader may consult the ri'poits of the eoiiiiiiittc o to tlie Eiitisli 
Associatioii'fioni yeai to yoai since 1862, and ebjxeially that of ibbji nf which the above 18 a 
veiy biief ahstnet 

The followin'^ table gives a coinpaiison of the various nmls that have been pioposeil for 
mcasuiing electin al i tsjstaiietb, 111 teiiiis of the liiitiah Absociatiou, or absolule unit, tfie ohmad 
as it IS bomeiiiuea called — 


B A unit or ohmad A velocity of 10^ metres pci second, 

Absolute X 10^ electro magnetic umts (new detcimmation), 

seeunu 

foot , . 

Thomson’s unit Absolute electro magnetic units 

(old determmation), 

Jacobi’s unit 25 feet of a certain copper wire weighing 345 grams, 

Weber 8 unit Absolute — x id' electro-magnetic units 

(1862), . II' 

Siemens’ unit One metre of pure mercury One square miUi- 

mctie section at 0° C (1864 issue), 

Digney's unit i kilomctie of iron wire, 4 nihi* diameter. 
Temperature not known, 

"Varley’s uiut One atandaid Engluh mile of one special copper 
••wire in diameter, • 

Matthiesscn’s unit One standard English mile of pure annerJed 
topper wire m cluuieter, at 15° 5 ^ 1 


B A Units 
1 00 

03048 


03202 


06367 
o 9191 

09563 

9266 
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TJNUKALHAI (Arabic ) The itar a of the constellation Tauni'i 

UPWARD PRESSURE OP LIQUIDS If a cjlmdcr 02icn at both ends be immersed in a 
vertical position in a liquid, with its upper end above the liquid’s surface, the eqmlibnum of 
the liquid will not be disturbed , nor will any chanqe take jilace if the lower end be closed by a 
thin plate Thatjilate, however, must be pt cased downwards by the weight of the cylindrical 
column of water above it, therefoie it must be lucsscd uji wards by an equal force If, when 
the plate is on the bottom of the cylinder the liquid in the cylinder is withdrawm, one of these 
counteracting forces is remoied, ami the lemaming or ujiward force presses the pilate on to the 
cylinder with a force equal to the weight of the liquid winch was in the cylinder Dr m general 
terms, tlie iqiward jiressure on the bottom of a honzontal surface immersed in a liquid is equal 
to the weight of a column of liquid having that surf icc for a base, and the vertical distance of 
immersion for .1 height The loss of w eight w'hieh a body experiences when idunged into a 
liquid may he deduced fiom this cousidciLation If a solid circular cylinder, with honront^l 
ends, be immersed m a liquid, eveiy unit of superheial area will receive jiressuro proportional 
to its depth (See Latetal Pi ess me ) It is eleir that for every honzontal i>ressure acting on a 
unit of surface on the lound sides of the cjlindir, thcie 13 an equal and o])positc one on tho 
other side of the cylinder Each such ^laii will he at rest, and mirily tend to ciushthe eyhnder 
On the toji suifaco of the cylinder thcio will be a dowuw ird iiressure equal to the weight of tho 
cyhndriia,! column of water above it On the bottom of the cylinder there will be an ujiward 
pressure, equal to the weight of a column of watei, le lehiiig from the top of the liquid to tho 
bottom of the cylmdci 'I’hese two eolumus liaveequal bases, and the ir jirtssiires arc therefore 
proiiortional to their heights Their resultant is equal to their clilfcicnec In othei words, the 
net iguvaid iiressmc IS the dilToicncc m weight betwc cn two columns of liquid, w hose difference 
in length is the height of the cylinder Oleirly, Ihcieforo, the cylinder is jiressed iqjwards by a 
force ctpial to the weight of a volume of watei equal to the volmne of the eybndcr (Comjiare 
Displacement ) 

URANIUM A metallic element not well known m the luiro state It is haid, and of an 
iron colour, somewhat malleable Speeihe gi ivity, iS 4 AtiuiiK weight, 120 Kyndiol, U 
The emly comijouiiels which need be mentioned heie tiie inrtnii, oxide (U^O,), a yellow powder 
which iinite's with bases, foiiiuiig s<ilts callesl lu mates J^iiinate ofammoiiiii is of a fine dtei> 
yellow eoloui, slightly holuble in watc r It is used is a i>igment under the name of uianiuin 
yellow Uiannfe of sodium (N ijO alLOjl is .1 jidlow ciyst illiiio s lit, almost insoluble in watei 
It IS much iisetl foi staimiijr glass and iioreelam, to i.liieli it eommunieatis a beautiful canary 
colour GI iss coloured wifii mamnm is vciy fluorescent (See Fluoi escence ) 

URAN US The seventh pi met 111 oidei of distance fiom tlie sun, and the outermost but 
one of all the iiiembcib of the 2>hinet.uy system Uianus tiavols at a mean distance of 

1.753.869.000 miles from the sun, his greatest distance being 1,835,561,000, his least, 

1.672.177.000 miles yinee the caith’s mean distance from the sun is 91, /^^o, 000 miles, the 
distance of Urojius fiom us varies from about 1,927,000,000 to about 1,581,000,000 miles The 
eccentiicity of the oilut of Uianus is considerable, amounting to 0*046, 578 , m fact, the centre 
of his or’ it bes outside the oibit of Venus, and iicarei to the oibit of the earth 'I’he incbutir 
tion of Lis orbit to the equator is veiy small, amounting to but 46^ minutes Although far m- 
fenor both tq Saturn and Jujutcr m mass and volume, ho far evcceds the earth in lioth respects 
His equatorial diameter is cstiinated it 33 i 25 ® miles, though, in the case of a planet situated 
at so enormous a distance from the sun, coubiderable doubt must needs exist as to the exact 
value His polar diameter is doubtless considerably less, but the extent of the compression of 
Uranus has not been determined Ills volume exceeds the carth'a about 74 times , but his den- 
sity being but 017 (the eai-th’s as i), his mass barely outweighs the earth’s 12^ times It has 
been asserted that he rotates on his axis once m about 9 i hours , but very little reliance can be 
placed on this statement, since even m the most powerfiil telescopes bis disc presents an almost 
uniform ap^iearance 

Uranus was discovered by Sir William Herschel on March 13, 1781, At first, owing to its 
faint light, he regarded it as a qomet , but when mathematicians attempted to calculate its 
orbit on the usual ossumjition made in that day with resjicct to comets, viz , that the path was 
parabolic, unexpected diifaculties were found, and Lexcll suspected at length that the supposed 
comet was a planet, moving m an elliptic orbit of small eccentricity around the sun This was 
found to be the case Further, on carefully calculating the iiath of the planet retrogrcssively, 
it was found that it had been observed before, and recorded as a fixed star by Flamsteed, Brad- 
ley, Lemonniere, and Mayer Lemonnil:re, indeed, had observed it twelve different times, and 
only failed to recognise its planetary nature through the careless and inexact maiilaer in whicfl 
he recorded his observations For instance, one observation of this very planet was entered by 
Lemonniere on a crumpled paper bag which had once contamed hair ^lewder 
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Sir William Herschel proposed that the planet should bo calkd Gcoiffum Sidu% in honour of 
George III Less objectionable by far was the name gi\cn by foreign aatroiionii-is, who 
called it i/ei scAel. But, for obvious reasons, the name by which it is actually kiioivn is prefer- 
able to either 

Uranus has four recognised satellites, but many suppose there arc at least eight, since Sir 
William Herschel records the discovery of six, anil two of those at present iiio_;uLscd aie not 
identifiable with any of those six Mr Lasscll is confident, howevei, that, with the telescopic 
power employed by Herscliel, no satellite could have been discoicrcd, which Mr Ijassell's four- 
feet reflector would not bare revealed under the caieful scrutmy to which, with its aid, the 
neighbourhood of Uranus has been subjected 

An important part of the history of Uiiinus is that which is associated with the discovery of 
Neptune (See Neptune ) 

UREA A noiraal constituent of mine Formula, COH^Nj It in the last term in the 
senes of the products of oxidation of the mtrogcuom tissue-* The quantity depends on the 
food consunu d, and is connected with the lUnoimt of labour undergone It may be produced 
artificially by evaporating down cy mate of .unmonng with wliieli it is identical in coiiijiosition, 
or it may be re idily itrejiared from nunc by dialysis (Sec Diah/ns ) It cjyst.illihes in long 
flattened pnsms It is very soluble m watci and alcohol When heated, it melts, and then 
decomposes It forms salts with acids, the most eharaetciistie being the mtiato and oxalate, 
which cryslallise itaddy (See Amnial Niitutnyn, Fooef, Fumtioiis of ) 

URIC ACID , or, Litlnc AciU An imixirtant acid iionnally occurring in unne and other 
secretions It is a jiroduct of Uie incomplete oxidation of iiitiogenous tissue Formula, , 0 ^ 

In combination with ammonia, it is the luintipil urinary constituent <>f seipents and othir land 
reptiles, insects, and birds, and is one of the constituents of guaiio Uric acid is temaikable for 
the number and importauee of its pioduets of clceomposition The following is a list taken 
fioui H'ftW’s BMioHcuy, vol v p 957, of its prmcipal products of decomposition . — 


Pseudo-uric acid. 
Uroxauic acid 
Alloxan 
Alloxam ' acid 
Alloxantin 
Baibitunc acid 
Lmmobarhitunc acid 
Lilironiubaibiturio acid. 
Volunc acid 
Dihtunc acid 
Violaiitin 
Dialunc acid, 

Uramil 
Thionunc acid 


1 ryilnnhc acid. 
Alhiiiton 
Glycoluril 
Myconiehc acid, 
Oxalune aead 
Allmtune acid. 
Hydautoin 
liydantoft; acid 
Allitiuie and 
Leuootime acid, 
P.vrab line acid 
Dib.irbiturie acid. 
Munxide 
Mesoxahe acid. 


(See Animal Nuh lUon, Food, Fundions of) 

URSA MAJOR (The Greater Hear ) One of the finest of the northern constellations. 
Seven stars belonging to this constellation have long been popularly recognised as OharlcH’a 
Wain (a corruption from Ceorle's Wain, the countryman’s waggon). This group has also been 
known as the Lutcher’s Cleaver Aratus mentions that the Greek sailors were m the habit of 
directing their course by this constellation, on account of its proximity to the pole, until the 
Fhcuiciaus taught them to observe in preference the Bt.irs forming the constellation Ursa Minor, 
There are many remarkable double stars and nebuhe within the limits of this constellation. 
Dubhe, or Alpha Ursai Majoris, is variable , while the star Delta would seem to have lost a 
large proportion of its biilhancy during the last few centunes, since of old the equahty of “ the 
seven stars " was one of the most remaikable characteristics of tho system 

URSA MINOR (The Lesser Bear ) One of Ptolemy's northern constellations It is 
distinguished as including the second magnitude star Polaris, the northern pole star This con- 
BteUatioii was the Gynosiira of the ancients, a name not readily explicable, unless it bo supposed 
that the ancients traced some resemblance between the group formed by the stars 4, 5, jS and 
y of this constellation, and the tail of a dog {kOui/, a dog , odpd, a tail) Tho star Polans la 
doable, the companion being a well known test of the hglit galhenng power of a telescojie. In 
the great Rosse telescope, however, this star shines hke Sirius. For unknowu reasons a very 
small star dose by the north pole has been called Blucher, 
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VACUUM TUBES, known also under the names of Gaasioi’s Tubes and Gdsslcv's Tubes 
Mr Gassiot, m cxamminsj the discharge of electricity through a vacuum (see Electric Egg), pro- 
posed to do away ivith the incumbrance of an air pump by sealing hemietically, tubes exhausted 
to any required degree, 2>l»tiniiiii wires being passed through their sides and fused into the 
glass Geissler of Bonn took up the idea, and under the advice of M Pluckcr, and with his 
assistance, jirodncLd tubes containing gases of aU soils, at all stigcs of raiefaction, and of the 
most vaiicd shape and constuiction These tubes, apart from their high philoaoiihical interest, 
form some of the most beautiful luuunous objects possible to imagine The general phenomena 
are deseiibed under Alcctiie Egg Tlic discharge from an indiictiou roll being pobseil through a 
laciious sjxico, giiLs rise to magnificent colonied light, filling the whole space, and arranging 
Itself m alternate beds of light and darkness, lenticular shaped, and lying m plants at right 
angles to the lines in ivhirh the discharge is taking place 'I'he colour of the light is m general 
dJFeront at the positive ami ncgatisc electrodes, as are also the shapes of the light and dark 
beds The colour depends upon the gas with which the tube has been filled bcfoi-o exhaustion , 
with common air it is piujile or red at the positive end, and blue or vitdet at the negative end 
In ovjgcn iiid nitrogrn somewhat similar, but whiter in the fa&o of the former, and in the case 
of the latter more red at the positive end and more blue at the negative cud than in the case of 
cominon an In hydrogen the light is greenish blue , in raihoun oxide hngllt giern, yellow at 
the positive end, and blue at the negative end In ammonia and suipliuiou-. aeiJ gas vivid 
blue and lilac colours are obtained 

In the tonstruetion of the tubes the highest ingenuity and skill has lieen chsi>l lyod The form 
of them depends to a reitam extent ujion whether they are to bt used os instruments of inves- 
tigation, 01 for purposes of illustrvtion uid display In the foiTuor cise tiny aic generally 
made symmetiieal about the jioints between whuh the disohirgc takes jilaee , iii the latter, tho 
shape la varied immensely Tubes of vuious forms and swe, stiaiglit and twisted, uniform and 
irregular, are used J^ometimes tubes of smaller si/c, shajicd like vases or bottles, out of which 
beautiful light pours, aie included in exteiioi luge tubes , and in the constnictiiig of these in- 
ternal tubes use is fie<(nently in ido of uranium gkuis and glass of various colours Wa have 
keen tubes of vaiions sliapfc shut uj) within exterior tubos, and the latter furnished with a hole 
clo'cd with a gl iss stopper, so that it can bo filled with \aiiou3 solutions for obtaiiimg lluores- 
ceiit ajijie iranecs 

VALEIIIANTC ACID A volatile liquid aud of the composition 0,11^1,0,, met with in 
nature in V.ilerian root, and prejiared aitiiui illy by the oxidation of amyl alcohol, to which it 
beais the same rilatiou that acetic acid does to vimc alcohol It has a iiccuhar disagreeable 
odour , its spceihc gravity w 0937, and it IkuIs at 175'’ (J (347“ E ) It is slightly soluble in 
watei Valerian’ 5 iiid forms a well erystillised senes of salts with bases 

VANAUIUIkE A very larc metallic clement, almost unknown in the separate state 
Atomic weight, 512, Symbol, V It belongs to the arsenic, antimony, and bismuth gTouji. 
Vanadium and its compounds have recently been bubmittcJ to detailed examination by Pro- 
fessor Ivoscoe, {Phil Tians , 1868, p I , 1869, p 679), who has obtained results of the highest 
scientific interest It forms seueral oxides, a dihndr (V^Oj), a Uwxide (VjO|), a ttti oxide 
(V-Oj), and a gcntoxulc or innadic and (VjOj) The latter aets the part of an aeid, and forms 
a well defined seiu’s of salts called vanadates 

VABOllISATION ( Fopoi , v ipour ) In speaking of the expansion of bodies we have 
mentioned that heat dcteimincs the form iii which m itter exists , and that a hqnid may bo 
described as a solid plus heat, and a gas is a liquid ji/iis heat The addition of the peculiar 
kind of motion known as heat results in a scjiaration of the molecules of the substance to which 
it w added to a greater distance than before such addition, and the gre iter the amount of heat 
added the further will tho molecules be separated In the eonrsc of such separation changes 
of form ensue Vapo) isatioii is the change from the liquid to the gaseous condition of matter, 
and this may take jilace according to two pnneipal modes, the first of which — Einpmniion^is 
the formation of vapour at the surf.ice of a liquid, without the jiroduetion of bubbles of 
vapour, and unaccompanied by peiturbations of tho liquid , the second — Ebullition — j the 
formation of vapour within the mass of a liquid, accomjianied by the production of bubbles of 
vapour, and by a consequent perturbation of the liquid- ^See Boili,ng-j)<niU,^Evaporation, 
Ebullition , Leidenfi ost’s Expei nnent ) 

VAPOUISATION, LATENT HEAT OF See Latent Heat. 
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VAPOUR, AQUEOUS, IK ATMOSPHEUE See Climate, Dew, Humid, ly, t^atuiation, 
Elaxtti Fmrr, &,c 

VAPOUR-DENSITIES, NORMAL According to Dr Oilbng — 


Molecular I onnul'u. 

Gas or Vapour 

juoiccurir n cioOit, 

2 vols 

I'pocilJi ( iiiity, 

1 Mil 

Ha 

Jlydrngen. 

2 

I 


C£ Ion lie 

71 

15 5 

Ri, 

llroiiiiiie 

i6o 

So 

T. 

Iodine 


127 

<>j 

Oxjgcll. 

12 

16 


Suliilnii 

04 

?2 

Se^ 

Sek iimm 

159 

7<) 5 

N. 

Kill ogen 

2S 

i t 

1101 

Ch'orli^diic uid 

y's 

IS 2 

HgCl 

Calomel 

2 j >5 5 

117 7 

HHr 

JJromhj dm loid 

hi 5 

III 

Jodli^diii uid 

1*28 

f't 

|ON)j 

( iiiogni 

13 

2(> 

ONll 

Pnis'-ic icul 

27 

115 

C^C1 

(’jaiii)geii cliloiiilc 

61 s 

10 7 

CO 

Crrljoiitt It id 

2S 

u 

cci,o 

Pliiwoonf 

99 

4 <) 5 

(m;Oi 

T'oniiic uid 

46 

25 

CO, 

Culioiuc inliydiidt* 

44 

2 Z 


CSilitm disnlpliido 

76 

38 

cir, 

Maidi 

16 

s 

CHCl, 

CHjO 

Cldoiofonn 

II 9 5 

597 

Wood sjiiiifc 

32 

i() 

CU,K 

Methyl uuiiic 

31 

15 5 

H O 

Wltoi 

18 

9 

H'S 

Snl]'hv£>* 

14 

17 

11 "So 

St It nhjdnc aeiil 

5 

407 

11 Vr 

Tolliuhyihu will 

131 » 

65 5 

C'CSii 

Si unions chloinle 

189 

91 5 

Ofllg 

(Viiro-'Ue suhliiiiatc 

271 

115 5 

Et.Cd* 

C.idliiinm ethyl 

170 

85 

litZii 

Emc ethyl. 

123 

Gi 5 

n.N ' 

Annnoiiia 

17 

85 

11 , p 

Pho''iihiHe 

34 

17 

11 , Ai 

Ai>ine 

78 

19 

11 ,Sb 

>Si I hint' 

121 

625 

Cl, 15 i 

llisnnith chlontlo. 

3 'kS 

J5S 2 

rtjB 

Roroii ehloiide 

II7 5 

587 

Cl ,Si 

SiliLon eblondo 

170 

85 

Cl,Sn 

Stanme chloiidc 

2OO 

110 

CljTi 

Tit inn chloinle 

102 

96 

ci/ra 

'I'niitalic chloiido 

280 

1 40 

Cl^Cb 

(‘olvnnhie chloinle 

317 

1GS5 

SOi 

Sulphnrims inlijihnle 

64 

32 

so' 

Sulidinne anhyihnle 

So 

40 

Cl.s^ 

Chloiinc ili'-nljihnle 

J 35 

67 5 

Cl .SOg 

Suliihur o\y chlontlo 

135 

67 5 

Cl ,CiO, 

Chroiiiiuin oxyehlonde 

155 5 

77 7 

N,"!) 

Kitrtms OMde 

44 

22 

k:o4 

Kitin jieroxidc 

92 

46 

HNOt 

Nitric aciil 

(>3 

31 5 

CINO 

Cliloro nitrous g.is 

65 5 

12 7 

Cl ,P 0 

Phosphorus oxychloride 

153 5 

797 

CjUg 

Klumcne 

26 

13 

’ CMQ '• 

Ethj lenc 

28 

14 

CjlIjO 

Aldehyd, 

44 

22 
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Molecular Formules. 

Gas or Vapour 

Molecular Weight, 

2 vola 

Specific Gravity, 
1 vol 

Cg HCI3O 

CldoraL 

*47 5 

73 7 

Cg CI4O 

Perchloral 

tS2 

9 * 

Cg H^Og 

Acetic acid 

60 

30 

Dg IlgCljOg 

^J’r ’ chloracotic. 

163 s 

Si 7 

C„ Hg 

Ethcne 

30 

*5 

c; Hg Cl 

Ethyl chloride 

64 s 

32 2 

Cg Hg Olg 

Ethylene dichlonde. 

99 

49 5 

C. Hg () 

Alcohol 

46 

23 

c; H„ S 

Mercixitan 

62 

3 * 

Cg Hg Og 

Glycol 

62 

3 * 

Cg Hr N 

Eithylaimne 

45 

22 5 

Cg Us N 

Ethclcn di.unine 

60 

30 

CgHgO 

Acetone 

58 

29 

C4 Hg Og 

Acetic ether 

8S 

44 

C4 Hi„0 

Ether 

74 

37 

C4 H,„s 

Ethyl sulphidido 

90 

45 

C4 HjgSg 

Ethyl disuljihide 

122 

61 

C5 Hio 

Amylene 

70 

35 

Cg Hg 

Phenene 

78 

39 

Cg HgO 

Phenol 

94 

47 

Cg II7N 

Aniline 

93 

465 

C7 HgO 

Rtnroic aldchyd 

106 

53 

CV HgOj 

Dcnzoic acid 

122 

61 

Cl„Hg 

Naiihthalcne 

128 

64 

CigH,g 

Turjicntine 

*36 

68 

CloIIlgO 

Camxihoi 

*52 

76 


VAPOUR DENSITIES, ANOJIALOUS Acconling to Dr OJling — 


Molectilar FoimuUc 
1*2 

ASa tl 

As,Oi 

AlOl, 

OrCla 

PeCla 


f<»s or Vapour 
riiosjihorus 
Aiscintuin 
White arbenic 
Aluuiuijc thlorule 
Chromic chloride 
Pemc clilonde 


Holcciilir Wciflit, 
1 vol 
62 


150 


19S 


»34 

*59 

1625 


Specific Gravity 
1 vol. 

62 

*50 

19S 


*34 

*59 


. 1625 


HgS 

CljOs 


Cinnabar 

CLloious anh^rdrido. 


3 vols 

1 vol 

232 

77 3 

*19 

39 7 


Molecular Formulae 
Hgg 
Cdg 

ci;o4 

HgS04 

NH4CI 

NH4CN 

NHgS 

PC 15 

VC1„ 


Gas or Vapour 
Mercury 
C.adniiuni 
Nitric oxide 
Perchloric oxide 
Sulxiliunc aud 
Ammonium chloride 
Ammonium cyanide 
Ammonium sulpnydrate 
PlioBX)horuB pentachlonde 
Vanadic hexachlonde 


Molecular Weight, 
4 vols 

400 

224 

60 



53 S 

44 


5* 

20S 5 

350 


The greater number of these anomaliea ore exphcable or rcmoveable 


Specific Gravity, 
1 vol 
100 
S6 
*5 
34 
24 s 
134 


II 

*3 

87 s 


VAPOURS, DETERMINATION OF DENSITY OF The determination of the 
density of vapours is au impoitant physical problem The defamtion of the density of a vapour, 
at a given temperature and pressure, is the ratio which the weight any volume of the vapour 
bears to the weight of the same volume of air at the same temperature and*preBsure, Jt is 
necessaty, therefore, to determine the weight of a known volume of the vapour, or the volume 
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of a Icnown weight, at the given temperature and pressure The weight of a loluiue v of air at 
the given temperature and pressure is calculated by the well-known formula — 

* w - u X o 001293 X \ -J 

where w is the weight in grammes, v the volume in cubic centimetres, a the coefhciont of 
expaiision for air jier degree centigrade (a = O 003665)* t the tenipLiatiiie 111 uciitinridi degrees, 
and Jf the barometric height 111 centimetres To detcriuiiie, theieforc, the ileiisitv of tlic 
vapour, we must find by exjienment the weight of the volume v of the vapour at the tempera- 
ture t and pressure //, and divide by 10 

There are two methods of determining the relation evisting between the volume ind weight 
of a vapour at a certain temperature and prcssuio The fust, tint of (Ja^-Jjuss ic , is the 
following — A graduated tube, closed at one end, is filled and inverted ovei meieury, and 
round the tube there is a cylimler of glass vvhnh is filled with water, and eoveis the tube 
complotolv Thf glass cylimlui is ojien at both cuds, and at one of the ends dips be- 
low the nicicury in the trough m whicli the graduated tube is inverted, so th it the water 
rests on the surfi.ee of the mercury, and tlu vessel in which the mercury is coiit uued 
IS of non, and cm be ]ilaocd over v heating appii itus, ind thus the whole ipjni iliis, iiielud- 
mg the iiuTcnry and the w'ater, can be rusul 111 tom]»i.ituie The tempi i.itnie of the 
water is deteniniied by thermometers suspended iii it, .ind b^ i stirring ipp.u itus, the tem- 
peiature is kept the same thioughont it A veiy sm ill globe of evtiemely tlini glass is 
prep ircd, and the weight of the gl iss liav mg been ascert.uiieel, the littli globe is hlleil com- 
pletely with the liouiil whose tleiisity is to )ie deteiimneil, sealed up, eau fully dried iiid wi ighcd 
again, HO that the weight of the lii|iud is kuown This is p.ihsid uuilcr tin iinuiiiv mto the 
iiiteiior of the graduated tube, and heat is applied to the appiiatns Soon the bull) of glass 
hursts, and \vh< n tlu temperiiturc is t used sullun ntly, tlu whole is conveitid into v i]>iim, .uid 
fills the iippei pait of the gr wlu \ted tub* , the inon my being diiven down it until it st-inds at 
a certain lieight, A let us suppose The teiiipoi ature and the Iviiometin height aie tin 11 notid 
If the latter { is we luive supposed it in the eiiiuitioii above, wlueh lepiesellts the weigllL of a 
volume of ai"") bo liinotr I by //, the II ~h will be the piessuii it wbuli tlie volume is niea- 
Bured 'rile volume being noted, the density of the vajunir is cvleulitid, as we hive iiidiiatud 
siiove It IS evident that this methiul is only ajiplie ible to e.vsos in whieli the litpud is 0 isily 
vapoiiseil There are, howovei, many liquids wlmh do not v ipoiise even at a teinpeiatuie 
of boiling Water, ind tlu density of these einiiot be went uued m tins way 

The Hccond iiu tliod of dett rmining the weight of ,1. eiil.im voliinu^of v ipoiir is due to Dumas 
A light gl iss globe cap vlilo of eontauiing half a litic or so, (about one ti nth of i gallim,)^ is 
employed, and the neck of it is ibawii out to a King stem, ti ninuiting m ii ipill iiy point The 
weight of the globe is determined aceui itely, iiul ,a eonsidi r ibic cpiiiiitity of the siilistaiieo 
whoso ilensity IS to lie examined IS put iiiUi) it If the subst.aiiic be i solid, siu h , is iodine, it 
must be put* 111 bejoii the capillaiy nock is math 'J’he ve'ssel is tlun jilieeil in an non pot 111 
which tlu re is water, (or if a higher teiniM-i ature than that of lioiling water is roijiimd, a 
Batin ited solution of soini salt, ind sometimis oil or fusibh iiii til,) and m smh a position that 
only the capillary extifcinity of till tube may lie .i)x»ve the suifin of the liipiid, mil heat is 
applied to me iron vessel AVfie-n the temiujiature uses sullieiintly, tlu liipiid vvitliiu the glass 
glolie boilH, uid the vapour issuing from the c.apdlary tube esi.ipcs and eiriies awiy the air 
within the gloiie After some tunc tlie whole evecMS of the siibsl.iiiei li is been dnvi 11 off, and 
if tlie expeiiinent b- properly pcrfoimed, almost all tlie .111 is eatiu il ao.iy vuth it Iho 
globe IS then sealed with the aid of a blowpipe, the temper ilure c)f the lupiiil Miiiouiidiiig 
It, and the barometiie height being noted at the time of selling, and .iftir bung allowed to 
cool, it is carefully wiped and weighed Tlie vessel w now put nnili i meieuiy or w itei, ami 
the end of the capillary tube is broken off The meremy or w.iter 1 iislies uj. ,uul hlls the globe, 
a vacuum having been created by the coiuleiisatiou of the vapovii and any small <iu,iiility of air 
that may have been left behind in the "I’obe is then noticed and .allovvoil foi m tlu siihseipient 
calculations On weighing the vessel lull of the bipud at a kiiovvii tempi ratiiri anil deducting 
the weight of the glass, it la easy to calculate the volume of the globe Iroin the two jirevious 
weighings, we can also calculate the weight of the globe full of the vapour in <piestiiin , and 
dividing this weight by the weight of an equal volume of air at the proper teniperaturo and 
pressure, the density of the vajiour is ascertained 

* If le' bo the weight in grains, vf the volume in cubic Inches, a' the coeillcient of cipanslon for air per 
degree Fahrenheit (a' = t' the temperature in degrees Fshrenholt, and IV the barometric hUglit In 

• i 4B0*0 TI* 

BnUflh inclies, io = 1/ K o 3095 x x ^ 

2 N 
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VARIABLE AND TEMPORARY STARS, SPECTRA OE Mr Huggins and Dr 
Miller have examined the spectrum of a star in the constellation Northern Crown, which from 
being almost mviBible suddenly blazed out until it rivalled the brightest star m the sky Its 
spectrum was seen to be of the ordmaiy stellar type, viz — a bright spectrum crossed by fine 
black hues, but upon this was superposed another spectrum consisting of three very bright 
bands coincident with the bright bands of hydrogen , as the brightness of the star waned, these 
bright lines faded and finally disappeared The inference from tlus is almost irresistible that 
the brightness was due to a sudden conflagration of the star, increasing its brilliancy almost 
eighthundred-fold Similar phcnomena,havo been observed, though not on so large a stale, m 
other stars {SeeStms,Spe<tniof) 

VARIABLE PRISil Boscovich projiosed to form a pru.m with a variable angle, con- 
sisting of a hemispherical plano-convex lens, moving m a concave lens of the s.une cuiv ituic , 
by altering the position of the convex lens the two plane facts tould be mchued to one another 
at any desired angle (See Prism ) 

VARIABLE STARS See Stai i, VariaUe 

VARIATION Ob’ 'I’HE (’OMI’ASS The angle of declination is frequently spoken of as 
the vni lation nf the romjiass (See Dcdnmtuin ) 

VARIATICN Ob’ I’HR MOON See fMnar Theory 

VARIATION OE TERRESTRIAL MAONETISM MayTiUic Viiuittiun 
VEOA (Arabic ) The star a of the constellation Lyra. One of the biightcst stars in the 
northern heavens It h is many small < ompanions 
VEOETABLE ALBUMEN Sec Athinwn 

VEGETABLE NUl’lU'l’TON The chcimcal functions nf the vegetable .uid the anim il, .ift 
far as nutiition is corn imcd, arc oppoi-cd and complementary to one another '1 hi animal 
starts with highly complex substinces lud by a piotc-'S of oxidition couvcits tbcm into much 
simpler compounds, 111 many cases into the simplest ]»ioilucts of all -v\ n.cr and caiboiiu uid 
The vegetable, on the loutnrv, starts with the simplest siib^t uices — v\ atei , eailaniii acid, 
ammonia, and the niiiicial constituents of the soil, and by a pioeess of BynthiM-, gi idu illy 
builds up <oin])ounds of the holiest digiees of du line il eonqdi vity Piili.qis the most 
important fuiution of the vi <'iti1ile world is to lestoie the balani c of the eonstitiitiits of the 
atmosphere which animal life iloni would soon lender so viti ited is to pie. lit the eon turn nice 
of life During respn ition till iniiml w'oihl is (onstiiitl} pouring into the itniospheie ton cuts 
of caibonii acid, md abstracting ovjuni, the voget ilile'woild, on the othe'r h iiid, is just as 
uneeasniely ibsoibing c.aiboinc leid, fixing the e irboii and lestoiiiig tlii osygeii to the atmos- 
phere A pLiiit IS noun'li-d through its roots, the leaves ai ting is lungs 'I'lie lain ilescenilmg 
through the air cirnesvvitii it c ul.onic .acid, iinmoiiia., ind mtru aeul These jieieoLitnig 
through the soil dissohi sni ill ciuantities of the miiieial ingicdn nts pieseiit, and the whole la 
bronsilit in contact with the roots lu ifitstiti for ibsoqition The pi int can obtiiii eaihonic 
aeicl and water fioni the atinos]>lii ic, but in iiiniyt.'sis iinnioini md sonic nf the lequisite 
iniiieial ingredients have to be sujiplied aitiluially It is on this leeoimt tli it fann yaiilin imue 
and the escret.i of towns aio of such gnat v due in agncnltiiic', c out lining as tiny do huge 
quantities of ami lotii i foiiinng miteiial, togitlui with nc,wly ill the iiiiiin il ingrediiiits of the 
vegetiMc food jirevioiisly cousauu d by tlie iiimiil (See AiuukcI JViUiUtuiij and Holla, 
Chemistur of) 

VEGEfl'A'I’TON, TNb’LUEiNf’E OE, ON CLTALVTE See Pain, Foirsti, Lc 

VELOOII’Y" (Tcfocifics, fiom Eefor, swift , .allied to Wo, to fly ) Swiftiuss oi lapnbty of 
motion In order to iniaKure viloiity we loipiire lioth i unit of space and a unit of tini* Ono 
body IS said to have a gie.iter velocity than another whin it moves over a greater spue in the 
same time, or an equal space in less tune The velocity of a body is ii inform, when it passes 
through equal spaces iii equal times, and icdu/Wr when the spaces passed through m equal 
times are unequal Uniform velocity is measured by the length of jiatb passed ovei in a unit of 
time This length is nsu.ally expiessed m feet, and the time in seconds Frequently, however, 
other units are chosen , thus, a tram may jiroceed vnth a speed of 40 miles an hour, a ship may 
Bail with a speed of 10 knots an hour Velocity expressed in other units may, however, bo 
readily reduced to feet per second For example, one mile an hour is l feet per second. 
Variable velocity at any instant is measured by the mean velocity for aii infinitely small space 
commenced at that instant It is the space the Ixxly would desenbo m a unit of tune if fioin 
that particular instant the velocity remained constant For instance, a horse may travel from 
ono place to another with a variable veloeity, but we may say that at a particular instant he is 
running at a speed of 20 miles an hour We mean that for a small distance he moves with a 
speed which, if mamtamed for an hour, would carry him over 20 miles The veWcity of a bcMy 
is acederated when it passes through a greater space in one unit of time than in the preceding 
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unit , and it is retarded when a less space is passed through in each successive portion of timeL 
Absolute velocity is the velocity of a body, considered without ref ei once to tho motion of any 
other body Jielutiie vdociti/ is that whidi h.va respect to the \clocity of another moving body 
Anyuliir velocity is the velocity of a body revolving about a fixed point or axis, niuasiircd by the 
angle through which it turns iii a unit of tunc The angular velocity of a planet is cstuiiated 
by the angle described by the radius vector, that is, by the lino joining it with the snn Tho 
velocity with which a body begins to move is termed niiti'if vdocity Winn tho velocity 
incToases uniformly, tho iiicrc.ise per second is termed the accelci.ition The iclocitj of i body 
at any instant in the caso of uiiiforin acceleration, is fottnd by adding to or snbti ictiiig fiom tho 
initial velocity tho product of the acceleration bj' the tune (Hoc AdLhialimi ) 

VULOCITY 01’ LIOII'I’ Tho velocity of light cannot be found by calculation, but it has 
been ilctcrmined by diicct observation by several obsiTVcis 

I Tlomcr found tb it the calcul iteil time of tbc eclipse ■< of .Tujntci’s sitclliti's did not igiee 
with obseivation, theie being fifteen niinutes diffeicncc iccoidmg to whi tlici the laitli vv is in 
th it jiait of her mbit iieaicst to oi farthi si fioni Jupiter, he com luileil, tin u Ton, th it tins 
dllfci dice was due to tile tiilu occupied bj light lU ti ivellmg iilistiiUL iipid to Ihi ilium til 
of the earth’s oibit Eioiii these data he deduced a velocity of 167,(100 gcogiajilm il iiiilcs pei 
second 

I I I’rom t 0 ahonation of the fixed stars avcloilty hxs been dcdnccd of 166,07 ’ g‘ ogi ip’iical 
miles pn sfcoiid 

TTI I'l/L ui me laurcd tho X clocity of li'dit in a spate of i fivv mill shy m ilom, it )' iss bclvvceil 
the teeth. ol i wheel icvolvmg witli enoiiuons \i loeitv, .Jtei liavilliii,^ lln full di tiiui iml 
bxek igam liy oli-ici VIII ' tin di t im c one ol llic tci Ih In 1 movt d dm in g tin tiun tin 1 1\ of 
light hid taken foi the double juuiuey, be ealeukited the vel'iiL) tol.e l!>5,cx)0 JiiiUsUia 
second 

IV Font udt, issist d by h no III .and Iliegiu t, iileasuied tin vih'iit^ 011111^111^1 simoof 
four metres Ajiliin mumi is m ule to lotile snei il Iniu In d hiiu s jn i siioinl, 1 bi mi of 
light Is then (aftei p i iiig tin i systim of tioss wins) !' iv d to f 11 on the iniiini It 
Is 11 lleeted by tills to i se iln 11 11 ^ lel'eetoi two mein-. d<st’iil, vv'mli --c ads tin 1 > biik liiin, 
wlieiic e it Is K lloi ted by the 1 ,v living iiiiiioi b w K Ihioii^li t'n oiigi'i il sj tiliioFiios vviis 
to 111 eji piece If t.n b 'lit ' Hieted fl mil the n olviil^ Ulillol (oliiis bnhbiit o 1 ipldly 
tbit the iLvolving i.iiiioi h Vs lud no tune to move ipi leei i’ b , Un (n t and mill nii^is of 
the 11 OSS wiles will X]ii i n sii] i 1 1 o id in the « yi pi< n , but f tin le i olv mg mil mi h is bi 1 11 
abli to move tliioiigli seiisilili whi'st tin li.,ht bis ti i illeil tin font imt'i , tl i two 

image s of tile system of vv lies seen 1 1 tile eye pled will not e iii" nl'^ bid, will bi sijni 'idloa 
gie itei or lO'S e xte nt n cm d,ii g to llic velocity of tin uiii im L'miii d iL i obt ma d ni tliu iiian- 
iiei rmn uilt ill elm I d i v e loi ity' of i<ji,oeX) mill s pel seeciud 

V^l'M JX'ITV Oh’ SOUND Tint oiiml t iKe s lu ipptciiibh tmn toliuil, md ih it it 
tl IV els witb’fvr ]i ss \i Im ity th 111 li_,ht, isfn <pii iiUy obsn ml w i t 11 l in in 1 ^i < 11 it two oi ilii i o 
liiiMilidly lids di-rtain . bi ikm, .1 nu ,vvitli i h iliiiin i 1.1 b, itm^ le iipil 'llii blow is s, mi to 
be giv ell somu tmio lu 61H the sound is he eid 11 westmd iti tin eiiitie of mail ofsohii is 
Vihii hie then iiih s siiiiull meiiusly, we hen v ingb lepoil but if W' "-1 md il one etnl ed tlm 
aie Wo In n l latth ” ’J’ln sound of tin se\ii el n pints I do s lmi„i 1 In n i< b us ueonlmg as 
the seildlers arc f lithei otT In ii iiueleetiie il d ebaige 111 tin tinin of ill tU of lightning takes 
piece, illpiitri of the ciiuisc of the It esh aic tl v ■ i- ed s, nsibly itlliesmi inLiiit Tin tliiiii 
flei eiiduies often fea si viial eeimils 'I’be’ tlnimli 1 piodui 1 by tin H isli v, lie 11 lu in d to the 
e II til is heal d Inst, i id if iiiy p uU of the li^litiiiug’s path ii ne iily itthe s niie ilisL iiii i flom 
the ■’uditoi, tho sounds pioduLed at tho e paits will leaeli bn en at tin H erne tiiin and jno- 

duce a loud er ush of sound , . 11 

With roi'ard to the actual velocity of sound in air, it h i. been obseivi d that in tvctedinoly 
loml sound^ti ivels fasLei than a less loud one Under oidili iiy 1 ueiimstaiui s the limit ot dm- 
tance at which fectile sounds aic ludible pieveuts our leiogiiitnni of this Intheaietn legionu, 
where tho air is often oxti einely wtill and homogeiieoiis, wmiids can hi he ii d at a gi e it dist.uieeg 
and it has been obseived that at a giCfit distance the n poll of a caTinnii is lieaid Leloic tho 
word of command to fne it No aeeui ite experunints have been \peifoiuied to eoiiin et the 
loudness of a sound — that is, the aniplituelc of the vibiatioii with the rate of jiiopagation so as 
to ooufirm the mathematical conclusion that loud sounds slioukl ti iv < 1 fasti i than fi cblc 
Within the lange of sounds employed m imibic this diffi icin c of latc, due to diifcrciicc of loud- 
ness IS not ajipiient the feeblest audible notes occuiiyiiig then propci pl.ico amongst those of 

^ Euidiher, tie pitch of the note (see Pitch), apjiearB to be without influence upon its rate of 
propagation. The familiar proof of this is afforded by the fact that the several notes com- 
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posing an air of music are heard at their proper intervals at whatever distance the auditor is 
placed from the musician, showing that the notes of various pitch travel sensibly at the same 
rate 

Again, the same preservation of time and harmony is a proof that the “tone-colour” (see 
Colour of Notes), is without influence, for we find that when a band of music consistmg of wind, 
string, or membrane instruments, is heard at a distance, the harmony and tunc are preserved 

The most exact determinations of the velocity of sound in iinconfiiied air are based upon the 
explosion of powder, and, therefore, from what has been said above the results are only strictly 
true for the sounds examined We may take the velocity of sound at 32° F , and 30 inches 
pressure as being 1093 feet a second Ex|ienmental determinations agree very closely with 
this number, which accords also ivith the velocity deducecl by La Place from theory La Place 
concluded that when a wave of compression, followed by a wave of rarefaction passes through 
the air, although the totiil heat liberated in the region of compression is absorbed in the region 
of rarefaction, yet the momentary heatmg effect assists the passage of the sound The 


formula given by La Place is v 



In this V 18 the velocity measured in feet per 


second, g is the accelerating force of gravity or 32 feet per second , h is the elasticity of the gas 
measured by the height of the mercurial column which the gas siyiports reduced to 32“ F , d 
IS the Biiecifac gravity of the gas referred to mercury at 32“ F , as unity , and h is the ratio 
between the capacity for heat of the gas by constant pressure to its capacity by constant 
volume (see Specific Heat) For air the above foimula becomes v = 10745b \/ i + fxtfcet, 
where a is the coefficient of exjiansion for i ° F , and t is the temperature above 32“ F Thus, at 


32“ F , the expression becomes v = 1074 56 feet At 60° F it becomes 1074 56 x/ 1 + — 

or 1139 It appears also from the above formula that the rate increases with the temperature, 
and that it is independent of the pressure In the same manner the velocity of sound mother 
gases may be calculated if wc know their densities, and the above ratio k of their speciho heats 
at constant temperature and at const vnt volume Further, this ratio can be determined if wo 
know the velocity Q’he aelocity of piopagation m any niediuin can also bo determined by 
finding the note produced by a tube of known length filled with the gas and compaiing it with 
that produced under like circumstances by oir 


The velocity of sound in hquids is expressed by the following formula 




7 , 


where 7 


represents the shortening v^nch a hoii/ontal column of hquid one foot in length would suffer, 
if it were compressed by a foice equal to its weight IJnfoitiinately, the compressibility of 
liquids (see Compressilidity) cannot be said to Inive been determined with great accuracy in any 
case From direct experiments in tlio I,ake of Geneva, the velocity of the sound originating 
in a bell struck under water, and heard by means of a species of long ear-trumpet, one end of 
which was also under water, was found to be 4708 I feet per second 


The velocity of sounds m sohds can bo denved theoretically from the above formula v = 




But the compression of solids is even less accurately determined than that of hquids It is 
usual to assume that the comjiressibility by picssure is ei^ual and opposite to the expansion, or 
rather elongation, when a pulling force w ajtphcd, and this has been detemimed with some 
accuracy in a few cases The rate of jiropagation of sound in solids may, howover, be easily and 
accurately found by experiment, and compared with that through .air If n be the number of 
vibrations in a second, in a column of an, m a tube of length I, which is sounding its funda- 
mental note, we know that the length of the sonorous wavo is 2I, therefore m one second we 
have a length of 2 nl in vibration — that is, the sound will have travelled 27 d or v ~ 211I If 
now wo take a rod of a sohd substance, say wood, and set it in longitudinal \ibration, we find 
a higher note produced as a fundamental note — that is, when the rod is held in the middle 
Let n' be the number of vibrations per second Then as before if v' be the velocity in the 

sohd d = 2 n'l, and therefore comparing the two v' =v^ Thus, if we take an open organ-pipe, 

and determine its fundamental note with air, then find the fundamental note of a willow rod 
of the same length, we shall find that there are sixteen tunes as many vibrations of wood as of 
the air — that is, we should get a note four octaves higher This shows that the sound travels 
sixteen times as fast m willow wood as in air 

The following table shows the relative velocity of sound, through several sohd pjibataaces, ts 
determined in the above manner by Chladni. The velocity in air is taken as unity — 
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YEN' 


Whalebone, 

6! 

Pcarwood, 


12; 

Tin, 

7} 

Ebony, 


I 4 i 

Silver, 

9 

Bireh, 


J 4 f, 

Walnut, . 

103. 

Cherry, 


15 

Brass, 

lOl 

Willow, 


16 

Oak, 

i&t 

Glass, 


16 

Earthen Bipes, 

10 to 12. 

Iron or Steel, 



Copper, 

12 

Deal, 

• 

18 


These numbers are, however, of only approvmiatc exactness, since iliffercnt samples of the 
same body vary to some extent in the rate with which they conduct sound No exact measure- 
ments have been made to connect the loudncsB of the bound with the note, in the cose of 
solid or litjuid bodies 

VELOCITY, VIRTUAL {Virtml, from L intm, strtnjrth, powci virtual si^ifiet 
in effect, not 111 fact ) A teiin. given by Ihihamcl, to a imiiiite hyjiotlictic d displ ictmcnt or 
motion, tassuni d in mcchinicil analysis to faiilitatt' the imt stigatioii of stiticil piobleins 
When a syste’ i of particles is in equilibrium, and we siipiiose each of them plated in a ]>ositu)n 
indefinitely neai that which it really occupies, without distuibing the couiu'etiou of the parts 
of the system with eaeh other, the hue wlnili joins tlie fii-st jiositioii of a jiiituli with the 
second IS c died the i u tiinl idix of that jiatlulf, and the jiiodiict of the iiiti iisity of tlio force, 
at ting on the pLirticle by its viitual velocity cstiiuatcil iii the direction of tin foicc, is ttrmed 
the virtual moment of the ftucc The jiiiiuiplo of virtud velocities mvybi thus emitii latcd — 
If the system be in equilibrium, the sum of the viitud moinciits of dl the fonts is zero, 
whatever bo the disiilacemerit , and, convciscly, if the sum of the viiliial mimiciits be zero, the 
system IS ill I'timlibiiuin 'I'his pimciplc may Ixs couhidcied as the gohlcu lule of meilialiics 
1 1 18 easily Vt,nfacd with respect to the simiih mecli line il ptnv ci s, but it ii'jihcs miinedi itt ly to 
all questions respecting equilibrium, or to ill statical pioblrms, and it frequently fiirnislies a 
very easy method of dcionnimng the relation lx. tween foiecs iii etjuilibiium Eiom this prin- 
ciple it follows th it, the case of all the meeh.inie.d jiovieis, the jiroduet of the jiovvcr by the 
space, thiongh which it moves in its own direction, is eiju d to tho pioduct of the weight by tho 
Bjiacc through winch it moves in the vortiud direction Thus if tin powii of TO llis ruse a 
weight of 50 lbs through a height of i foot, the jiovvcr must doMciid tliiough 5 fcit The 
fact hero illustrated is somcliiiios stated thus, “What is gamed luyowci is lost 111 sjiouil " 

VENA CONTRAf ''I'zV Wee Flow of Lif/uuh 
VEN'rRAL SEOMEN'J’S Hee amt Hu/mfnU 

VENLIH In astronomy the bnglitcst and nmst bciutifiil of dl the planets, and the second 
in Older of •distance fiom the sun The mean ilistiuco of V( huh fiom the sun is 66,134,000 
miles , her greatest, 66,586,000 , her k ist, 65,682,000 As the eaith’s me.in dist.inic fiom the 
sun IS 91,430,000 miles, it follows that the distance of Venus fiom tho oaitli vanes between 
about 2 5, 000, OCX! ind about 158,000,000 miKs The cccciitncity of Im orbit is small, not 
exceeding Oo68 3 Its lucllii ition to the ecliptic is 3” 23' 31" Her moan Kidercd revolution 
occupies 224 700787 days, and the ictums to sucichsive eoujiinetioiis arc Hcjiarated by a mean 
interval of 5S3 920 days Ilei diameter is estimated at about 7510 miles , her volume, O 855, 
the earth’s being i , her density almost exactly eq^ual to the eaitli s , aiid^ tlierefoio her muss 
beats to the earth’s the same proportion that her volume bcaiN to the earth’s volume 

As Venus travels Within the orbit of the earth sbe is never been in ojijxisitioii to the sun 
She passes through a senes of phases resembling those of the moon, only that she vanes greatly 
in apjiarent size while passing through them When she jueseiits a full disc, she is in supenor 
conjunction with the sun, and lost to view' in his beams, except ill poweiful telcsiojies At this 
time also her apparent diameter is least When between us anti the sun she tiinis no part of 
her illuminated surface towards us, and as she is necessarily very close to the solar disc, she ia 
only v'lsible in good telescopes Her apparent iliamctci then has its greatest value In other 
positions she shines with gieatcr or loss bnlliaucy, according to her distance from us, and the 
portion of her illuminated surface she turns towaids us Her greatest elongation from the 
sun varies m different synodical revolutions between 45“ and 47° 12 i u u 

The telescopic observation of this planet is difficult on account of the exceeding brilliancy of 
her surface “ Its intense lustre,” says Sir John Herschel, “ dazzles the sight, and exaggerates 
every imperfection of the telescope , yet we see clearly that its surface is not mottled over wnth 
Permanent Ipots like the moon , we perceive m it neither mountains nor shallows, but a uniform 
brightness, in which we may indeed fancy obscurer portions, but eau seldom or never rest fully 
satisfied of the fact It is from some observations of this kind that both Venus a^ Mercury 
have been supposed to revolve on their axes in about the same tune as the earth The mclinar 
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tion of the planet’s equator has been judged to be large, the estimated values varying between 
50“ and 70°, but very little rehance can be placed on the observations by means of which these 
estimates have been formed As for De Vico’s estimate of the planet’s rotation-penod, with its 
claim to accuracy as far as the second decimal place of seconds of time, no more reliance can 
be placed upon it than on the inclin itioii estimates Indeed, it would be bcaicly possible to 
bceiire the asseited degree of accuracy, even though Venus presented obvious and easily recog- 
nisable marks upon her suifacc, and though these had been watched smee the telescope was 
first invented Considering that, on the contrary, it is barely jxissible to see marks at all upon 
her surface , that these marks cannot be rediscovered , and that not much more th in a century 
has elapsed since any of them ha\o hecn recogmsed, it will be seen how little reh inee can bo 
placed on a rotation penod which cl urns to be within one hundicdth part of a second of the 
truth It 13 far from improbable, milecd, that Sir ,Tobn Horsehel’s opinion must be accepted, 
according to which, “ the most iiituial conclusion from the very raie appeal aiice iiid want of 
permanence of the spots is, that we do not see, is m the moon, the real suifaeo of the jilanet, 
but only its atmosphere, mneh loaded with clouds, serving to mitigate the otheiivise intense 
glare of their sunshine ” 

Venus, on .lecuiint of Iier provimity to the earth, produces rccogriisablo iiciturJiatioiis of the 
earth’s motions One effect lesulting from a relation of eoiinnensui ibihty betwci'ii the oibital 
periods of Venus and the earth, iiieiits spetial mention Tlmteen snlereiil 1 evolutions of Venus 
are accomplished 111 a p* nod vciy nearly iqnal to eight yeais, that is, to eight sidoieal revolu- 
tions of the c irth It follows that eveiy bfth eonjunetion takes place neaily along the same 
line thi ough tlie sun 1 fence arises an .iceuniiibition of effects rcscinbliug m then general 
character, though far less tonsidei ible, the ymil iiicqniiliiy of fsatiini and Jupiter (Sue 
liwjualitif ) The penod of tins long inc<|uilitj' is about 240 yeais, the in iviiimm effect on 
acceleration or letardiitiou of either plaint bemg only a few seeimds of file All Airy, tho 
Astiouoiner Kojal for England, detected this inequality, and the similar action of Venus upon 
the moon 

Venus, like A fen ury, but loss often, ciosscs the face of tlie sim it certain times This 
phcnoineium, called a tiaiitil <1/ Vciint, is of the utmost import nice to tho idioiininei, as afford- 
ing a means of estimating the distain 0 of the sun fiom tho eaitli We owe to Halley the sug- 
gestion that tho transits of Venus might thus be utilised 

It will bo obvious that thi' nearer i pi met ajipioaehis to the earth tho more elTcetivo will bo 
any teiaestnal distance m rausing an a])pueiit change of the planet’s place on the eelestml 
sphere Thus Venus, vvliieh appio.uhes ns within 25,000,000 nulls when in iiifeiioi conjunc- 
tion, would eslnbit foi any eh uig< of pi ice oil the put of an obseivcr, or for any distmeo 
separating two observcis, a ibaiige of pliee 3’ times as gie it as that which would affect the 
sun, which lies about 91,500,000 miles from tlu tilth lint we cannot etlectnally 'observe the 
parallictac displaienieut of Vciius iqion the iilistiil spheie, since it is evce^iliiigly small, and 
we cannot coinpaic ]ur p] ue with tlie i>l u e of any lived stai lint if, vvlien in infLiior ron- 
junctior she lies so 111 ir one of hci nodes as to be up>n the suii’h fai o, we might veiy leitlily 
dctemiiiie hei pai all xotie displacement on the solar disc , only, instead of being 3', times the 
solar jiaiallax, it would be but 2^ tunes th it aiuonnt, being in f let ri presented by the ditfeience 
between the parallaetio displ iceiiients of Venus and the Him upon the celosti.il Hpheio But in 
effect there is a difficulty i vi 11 as regards tius mcthwil , foi tlu planet is in motion, and in order 
to coinjiare two observations, wo iiuist be sure they aie made at exactly tho same instant, a 
matter of some difficulty whin the two observers aie on opposite sides of the earth Now, 
H<alley Miggcsted that, inste.od of obseiving the position of Venus on the bun’s f.ico at any 
nsHigiicd instant, the obsei veia sbould retold the iirtciv.al of time occupied hy Venus 111 crossing 
the solar disc As the effect of parall ix woiilel he to make liei tiaveisu different chords, .is seen 
by the two observ ers, there wonlil obviously be a difference in the duration of transit as recorded 
by them , and this differeuee would euifieu to enable the astronomer, by appropriate calculations, 
to deduce tho sun’s distance 

The ohjeetioii to the method thus described (iiecess.arily only m a general manner) lies m the 
fact that it 18 absolutely necessary that each observer should see the whole transit , and as a 
tiansit may last several hours (as many as eight) and the earth accomplishes a considcrahlc port 
of a rotation in such an interval, it is difficult to find a northern and a southern station, at each 
of which the observer will lie well situatcil both at the beginnmg and at the end of the transit 
Eor, given a certain epoch durmg the occurrence of a transit, two observers can be placed so 
that the parallactic displacement of Venus may bo the greatest possible, butittiyno meails 
follows that given two ejxichs, (as in this case tho beginning and the end of the transit), two 
observers can be so placed that the parallactic displacement of Venus may be even considerable 
at both epochs. 
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Hence it "was proposed by Delisle that another method should be adopted According to his 
plan two observers should both observe one and the same phase, internal contact at ingress, 
(that 18, the moment at which Venus is first ]ust within the smi’s limb,) or mtcmal contact at 
egress, (that is, the moment when she is just about to cross the sun's limb and so ji.iss of! his 
surface), that these observers should note the ahtolute time at which the jih.isc is visible to them, 
BO that afterwards the observed difference of time should supply the means of estimating the 
Bun’s distance For this plan it is obnoiisly ncccshiry that the latitude and longitude of the 
observers’ stations should be very accurately determined 

Each plan has its advantages and disadvantage's, and m different transits H.ilhy's method may 
be preferable to Dehsle’s, or Dohsle’s to Halley’s, accordmg to the circumstances of tlic transit, 
ancl according to the nature of those parts of the eaith at winch the stations Iiavc to be placed 
Observations of the transit which octfirred in June 1761 vveie not sueiissfiil ’J'hose made 
during tlie transit of June' 1769 were more satisf.vetoiy, and the estimate of the sun s distance 
deduced fiom them hy Fnelce remained for a loiisr time ni vogue m 0111 tieatisi s 011 istioiiomy 
Recently, ]iou ever, othei modes of measniing tint clement led to n suits so mdant with 
Encke’s estimate that doubts were tin own oil the lecni vey of the ohseivatioiis iii.ule m 17C9, 
and on the C'Unpeti ucc of the obs< iveis 'I'lio e weful ex iimu itioii of the maltsi bj Piofessoi 
Simon Xeweoinbe of Amrnca, and (on a mon satisf letoij jil in) by Stone of Ih (Iiniiwich 
Observ itoiy, has sbovvii that the ciuso of the disc n ji iiii j is to be looked for in i phe iiouienon 
due to irr I dution which causes i hi, l< k ligiment to appear lietw ecu the disc of Vcuiis .ind the 
smi’s limb near the time of the intern il emit i« ts 

’i'bc •acrui.acy of the general metliod b iMiig Ik cn thus re c'st ibli«bcd, astinnomfis look bopc- 
fully to the ti.insits which aic to tiUo jdsie 111 1S74 md l8S2, to alloid tliiin ,1 m w iiid more 
aceuliVte (-tiinato of the sun’s di tuicc 'nie Astroiionu i-l’oj d long since c ilhd Liu itteution 
of istioiioi itrs to the subject, iiid has jnibbslud i senes of pipiis mibi itmg flu miuiier 
according to vvliieb, in Ins ojiiinon, the transit r,au In' most s itisf leLoiily utilisi il Owing, hinv- 
ov el , to his liav mg mifortun vtely ado(it( d an ajipioxim ito instead of an e\ let jn m ess, m di almg 
with the ed< 111 itioiis vliieh tin jiroblem involve , tin Jesuits 11 e not n sxList ii toi \ as could be 
dosmd 111 I’litui’l ir, liis selection of Deli'h’s method for the' ti iiisit of i874) wlnln Halley s 
nieibocl is lift foi the' tiaiisit, 18S2, vloiie is uiifoitiiiuto , bet luse it c ham c s Ihitwlicu the 
jirohlem is treated in an c'xaet m.umei H dlcy’snietbocl is found to he wholly 111 ij>i)lic ible in 1S82, 
vvliih, on tho other h uni, it c.in lie aiijihed \<iy adv iiitigc cmsly tn the tiaiisil of 1S74 It w 
also a inisfoituiio, and may ju'ihaps mjuiiously .vlFcct the' iiitc rcsl^ of seienec foi yc us to come, 
that a numbe 1 of c\ef lleiit stitmns m Indi i slioidd li ive been wbollv ovcilooKed 111 Jli Aliy's 
tic,atmc nt of the subject An c \ let iiivi sligatlou of the {iioblcni by tlu jui sent w iilc t will be 
found III tl'c MiJiii/ili/ A'lbccv 11/ tin I'oi/iil A'^txiiuniinal vol \m\ It is light, however, 

to mcntiiiu that the Astrorionier-lbiy il li IS c vjiussly desiribid his cximmitiou cif tbe subject 
fls not intiildecl to c \hibit evaet lehitnnis , and vveie it Dot Jiioh ible th it the sell eliuil of pi ic eS 
foi ohsci vnig the ti iiisit will ho wholly founded upon his ji ipeis no eoiieetioii would h.ive been 
neccssiiv 

VllMlKITl^^ SecJcf^f^s 

VKIcMlLIJON fill Miuinij, SiiJjihide 

Vhllix \l, KtJlTINOX Mie/,y»(HO», ruin nor (lut 

■VKKNlFll (Named .ifter the inveiitm ) A shoit graduated scale ir nh^ lo slide along a 
1 U gel bcali, or /joofeoft f o (/( so is to ri vd to fiaetiows of divisions It n gi uln vt> d so that ten 

divisions oil thevcrinci erpnal nine divi-ions on the lugei he,vle By sciiiig which of the 
divisions coincide in the two scales it is eisy to i<,vd to a tenth of .1 division 

Vl'lUTH’AL CHICLE In isticuiomj a gic it circle of the ech sti il sjuic passing through 
the' ztiiilli ,uid tiadn, and therefoie at light angles to the lioii/oii pi me 
VIlSTA An asteroid, disc oven d hy OUx is (!sio Joineitf'c ) 

VIA LACTEA (Tlie Milky Way } Kc c^ drdofif 

VIBRATION, AMPLITUDE OP Am/dUmk of Vilintion 

VIBRATION, APPIIOACH CAUREI> flY Piofossor Cnlhne his found that, when a 
Vlbiatiiig tuiiiiig-fork, or other sonorous liody, is held near a delie itely siispi nded siihstance, 
the lattei ipproachea the fork Tho exiiciinic'ut 13 eoiivcmcntly made hy Iniiigmg a jiicee of 
cardhoaid m a vertical plane from a light splinter of wood, counteq)oiscd at the other end, and 
susjienilmg the whole by a piece of unspun silk When the fate, the side, or the ends of the 
aoundrng fork are ajijiroximated to the card, the latter swings towards the fork 1 his jiheno- 
• meiion is (irobably due to the substance which receives the vibrations not being a perfect traiis< 
mitter or reflector of Bound, and it converts a portion of the sonorous elastic wave into true cur- 
rents, which, on account of dispersion, suffer rarefaction, so that the bcxlics are urged together 
by the pressure of the air, as ui the experiments of Clement and L)esom£a. 
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In a paper which appeared in the Phtlosojphtcd Maganne for November 1870, Professor 
Guthrie gives a description of his experiments, and amves at the following conclusions — 

“ Whenever an elastic medium is between two vibrating bodies, or between a vibratmg body 
and one at rest, and when the vibrations are dispersed in consequence of their impact on one 
or both of the bodies, the bodies will be urged together 

“ The dispersion of a vibration produces a similar effect to that produced by the dispersion of 
the air current m Clement's experiment , and, like the latter, the effect is duo to the pressure 
exerted by the meibum, which is in a state of higher mean tension on the side of the budy 
farthest from the origin of vibration than on the side towards it 

“ In nicchaincs, lu nature, there is no such thing as a pulling force Though the term attrac- 
tion may have been occasionally used 111 the aliuvc to denote the tendency of bodies to approach, 
the hue of conclusions here iiidu ated tends to aigiie that there is 110 such thing as attiaction m 
the sense of a pulling force, and that two utterly isolated bodies cannot milueiice one another 
“ If the ethereal vibrations, which arc siipiKwed to constitute radiant heat, resemble the 
acnal vibrations which constitute radiant sound, the heat which all bodies possess, and which 
they arc all supposed to radiate m exchange, vioU cause all bodies to be urged towaids one 
another ” 

VIBllA'l’IOX OF A STRETCHED STRING If an elastic round string, of uniform 
thickness and ceitam length, thickness, and weight, bo stretclied by a given force, it will 
vibrate 11111011 plucked at a definite rate, and theiefure give use to a musical note of given pitch, 
if it vibiates beyond a certain late (16 times in a second) If L be the length of a stung, iv its 
■weight, * the force with winch it is stictched, </ the accelerating foicc of gravity ( = 32 feet per 
second), then t the tune for a complete oscillation is 

V « 

And, therefore, if n bo the number of oscillations m a given time 



If p represents the specific gravity of the substance out of which the string is made, and if r 19 

the divimeter of the string, then w = w -I p, and therefore n = — - /v/— This formula, 

2 1 t ir p 

which has been gradually est iblishcd from theoretical grounds, is fully confirmed by experiment 
It may be stated in words astfollows — The number of vibrations which a stretched string per- 
forms in a given time — m other woids, the pitch of its fundamental note — vanes inversely as its 
diameter, inversely as its length, directly as the square root of the force 'with which it is 
Btietdicrl, and inversely with the square root of the specific gr.vvity of the substance of which 
it IS made Thus, if we have a stnng vibrating 100 times m a second, and we wish to get the 
octave higher (t e , two hundred vibrations iier second), by merely altering the deugth we must 
make the stnng half as long If, preserving the same length, we wish to get the higher octave 
by alteriUfT the stretching force, we must make the litter four times as great, and so on 

VIBRiiTIONS, GRAPHIC REPRESENTATION OF. See Oiajihic Itq/rcaentaUon of 
Vilrratiom 

VIBRATIONS, LONGITUDINAL See Lortgittidinal Vibratimi 
VIBRATIONS, PERMANENT Soe Permanent Vibtntiona 
VIBRATIONS, PROGRESSIVE See Profjrestne Vilerationa 

VIBRATION (TRANSVERSAL) OF AN ELASTIC ROD If an elastic lod he fas- 
tened iigidly at one end and set vibrating, the number of vibrations in a given tmie — that is, 
the pitch of the note is expressed by the equation 



in which n is the number of vibrations, t the fduckness in the direction of vibration, I the length, 
y the accelerating foice of gravity, E the modulus of elasticity and p the specific gravity of the 
material It is seen from this that the pitch of the note produced by such a rod varies directly 
as its thickness m the direction of vibration, and inversely as the square of the lengths Thus, 
if two pieces of the same steel spring, when clamped at one end, give notes an octave apart, 
we know that the one vibrates twice as fast as the other, and, from the above formula, that the 
second is four times as long as the first It appears also that, if two rods are mode of the same 
material, and ore of the same length, but one is twice as thick m the direction of vibration as * 
the other, the first will sound the octave above the second The width of the rod is of no in- 
fluence upon its rate of vibration , and this indeed we might anticipate from the fact, that if 
twq exactly similar ivds were vibrating side by side, and therefore isochronously, the -vibration 
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of neither would be interfered with by joining thorn together, bo ae to form a rod of the samfl 
tbickuesa and length, but double the width. 

VIBRATORY THEORY OF LIGHT See Undnlatomj Theory of Li'/ht 
VINOEMIATRIX. (She that gathers grapes, or the vmtage star ) The star e of the con- 
stellation Virgo 

VIRGO (The virgin ) A sign of the 2ndiac The sun enters this sign on about the 23d of 
August, and leaves it on about the 23d of September The constellation Viigo occupies the 
zodiacal region corresponding to the sign Libra This coustcUatioii is rtmarkable for the great 
number of nebulae which have been found within its hnuts 

VIRTUAL FOCUS The point behind a coiivex; mirror, from which divergent rays, re- 
flected from it, ajipcar to radiate (See Comtx Mu rot. Focus ) 

VIRTUAL IMAGE An image without material evistence , m effect, though not m 
fact (See /niw/fs. Virtual, Real ) 

VIS ACCELERATRTX Accelerating force (See Jcctlciai/on ) 

VIS IXERTIiE (Lit) Literally, the force of mactivity The tenn was cmjiloyed by 
Newton to signify a power implanted iti all niattui,by whuh it insists my di iiigo ciideivoined 
to be made ’ 1 its state , th it is, the jiowei by virtue of which it becomes difficult to change the 
state of rest or motion A distinction is made between vis inulne and iiiiilui, the funner im- 
plying the lesistauco itself which is given by a binly to any force, and the littir iiieiely the 
property by which the resistance is given The piojicity of iiiattei which is set foith 111 the 
law of ijifiha (First Law of Motion), is, however, simply absolute passiMiicss, thcie is no 
disposition m ni itter to resist being put 111 motion when it lest , m othci wonls, roi inidnc 
does not exist Tin phrase lias In cn i feitile somce of erioi 

VISION ( to sec ) See /.’ye, BuiOLular Vision, Stereoscope 

VIS MlJllTUA 'The powti of pressure exerted by a liody at rest, os vik viia is the power 
of a body in motion Roth teniis were first used by Lcibnit/ 

VIH VIVA ( I’/s, force , iiiu<i, living, fiom rno) A mcaHiiro of the kinetic oneigy, or in- 
herent work of a inov tug body It 18 the puMluct of the mass by the Hijiuiu of tho velocity. 
The chief pi opei tic- of tho iis tun aic tho following - If a system of bodns be under the 
action of no external forces, the 1 1S nmol tho system is constant If a body move in any 
manner, its its ina at any instant is cipial to tho via inn of tliu whide nitiss, .is if it weic col- 
lected at the ccntic of giavity, pliia the I'ls iiiHi nmnd tlio ciiitio of gravity considered as a 
fixed point By impact of inelastic bodies ji« 111 rt is always losi, by explosions it is always 
gamed, by imp.T,ct of bodies which are jicifectly clastic, the iis run lost in coniprcHBion la 
exactly balanced by that gamed 111 the restitution (Sec Fiiaijif and Mciliainis ) 

VITREOUS HUMOUR (Vdrum, glass) The tiaiisparent humour with which the 
greater iwrt uf the cyo-b ill is filled, cuutamcd 111 the wmvolutud folds of tho hyaline membrane. 
(See Rye ) , 

VO LANS Abbrcviatod from T’lins Fofrtin, (2 v) 

VOLTAIC ARC See Flecti tc fnyht 

VOL'fAIf ' CIRCLE, more usually called Volta's Ciown of Cups, conslsta of a senes of small 
cells of copper, zme, and dilute sulphuric acid, joined together, the copper of one being Holdered 
to the /me of the next They were arranged 111 a ciicle, ho .as to bniig the last copper ncarthe 
first yinc On cuniieetmg these togethec by a wiic, the current flows, according to oiir conven- 
tional phiascology, from the copper, through the wore, to the /me 

VOLTAIC ELECTRICITY Ordin iry current clcctiicity is frequently Bjioheii of under 
this name, derived from that of the great inventor of tho jiilc and battiTy, the hrwt investigator 
in the held opened up by the observation of Galvam Vult.iic electiicity w treated of under 
vanous heads throughout this volume (See Battery, Cwi nnt, Rketrie, File, Voltn's , &c ) 
VOLTAIC FAIR Sometimes a smgle cell of a battery, cutiBistmg of two metals and on 
exciting liquid (see Battery, Gahanic), la called a Voltaic jiair 
VOI/l’AMETER (ydrpov, a measure ) An instrument proposed by Faraday for mcasurmg 
the strength of the electric current Its principle dcjiciids upon a law of electrolytic decom- 
position, V 17 , that the amount of decompoHition that tiikcs place is strictly proportional to the 
strength of the current, that la, to the quantity of electricity pasNing in a given tune Fara- 
day's method consists m decomposing water by means of the current, and mcoHUimg the quan- 
tity of the imxed gases given off m a certain tunc Tho ratios of the strengths of vanous 
currents under these circumstances, is thus obtained The construction of the voltameter is the 
• followings— It consists of a gloss bottle, into the neck of which is fitted, by ground glass surfaces, 
a bent delivenng tube Through the sides of the bottle pass platinum wireH, fused into the 
glass, and temunated within by broad platinum plates, brought as near to each other as possible, 
without danger of conung m contact. The bottle is filled writh acidulated water, and when the 
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current ia passed through it, decomposition takes place, and oxygen and hydrogen are liberated 
at the plates When the gas is to be measured, the delivenng tube is passed under water in 
an ordinary pneumatic trough, and a graduated vessel collects the bubbles of gas that nae from 
it All that IS necessary then in order to ascertain the strength of the current passmg is to 
note the time during rvhich the action goes on, and the quantity of gas collected 

VOLTA’S PILE IS a form of battery used by Volta for obtaining current electricity of high 
tension It consists of a large number of discs of zinc, danncl, and copper, pded one on the 
top of the other in constant succession, and in that order The flannel is moistened with salt 
and water, or with dilute snlphiino acid, and when the first zinc and the last copper are con- 
nected by means of a wire, a powerful current is obtained The Voltaic pile is very convenient 
for showing electricity of high tension obtained by chemical action, since a large number of ele- 
ments may be used without making the apparatus unwieldy Thus with a pile consisting of 
one humlred sets of plates, an ordiuaiy gold leaf electioscope may be charged by simiily putting 
one extremity of the pile m connection with the top plate, and the other with the earth, or the 
extremities may e\en be examined witli the proof plane Jf the latter be applied, it is found 
that m an insulated pile one end is charged positively, and the other negatively, that the 
middU: is neutral, and that the density of the electno distribution increases gradually from the 
middle tow ards the end 

VOLUMETRIC ANALYSIS Sec Avnhnt"*, Chemical 

VOirSSOlKS (Fr zmdf, an arch , Lat lo/icrc, to turn round ) The wedge-shaped stones 
which form an arch (See Arch ) 

VU fjCAN In astronomy, tlie name given bi a planet snpposc'd to revolve within the orlnt 
of Mercury At present the f\istonce of this jdanct is opiii to giave ipu stion In total 
eclijiscs of the sun it should undoubtedly he visible, unk'ss very near conjunction, and it could 
hardly have been so situated dunug lU the recent totd bolar cclqiscs 

VULf’ANISKO INDTA-llUPIlKH CanuU hoar 

VlJJjl’ECiriiA (Tiat Abbreviated fioin VwfjMCw/rt cf the fox and goose ) One of 

the constellations devised by Hov elms Within the hinits of this constellation lies the rem irk ible 
nebula 27 Messier, known as the Dumbbell nebula This intcicsting object is one of the 
nebula! which Mr Huggins has hliown to bo g.iscous 
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WAfSAT (Aialiie) The stir 5 of the constellation Gemini 

WATCHES Seel/iuo/ovy 

WATER (HjO) ’I'liis liquid was eonsidcrcd by the .ancients to bean elcmenj-ary body The 
researches of Watt, Cavendish, .and J,avoisici, towards the cnil of the last ccntuiy, showed that 
it IS composed of two g.ascoiis elements — oxygen aiiel liyihogen (See IfifJiui/en ) In the 
pure state and at the oidiuaiy temperature, water is transparent, fieo from tisto and smell, 
and almost colourless A considerable thickness of it, is however of a bluish tint It is .ibout 
770 times denser than the atiiiosiihere, .uid is the standard to vvhieli .all sjHeifK gi.ivities of 
solid and liquid substiiuccs arc rcfi rred, the teinjierature m England being taken at 60“ I'’ , but 
on the Coiitineiit at 4“ C (39 2” F ) At tins lattei teinjiciature water is at its greatest density, 
expanding whether its temperature be increased or dmumshed Water occurs in the solid 
state at temperatures bclovv 0“ C (32*’ F), .md m the gaseous state at teinpeiaUires above 
100“ C (212“ F), but it eviiporates at all tcmjxrratuyes, aqueous vapour constantly being pre- 
sent in the atmosphere It is also supposed to exist in the solid state in mineials and salts as 
water of crystallisation, and it is a large constituent of the vegetable and animal kingdom , m 
the former constituting somctmies go per cent of the whole mass, and m the latter bometimcs 
forming even a larger constituent of the body Water is almost inelastic, its specific heat is 
higher than that of any other substance, and it is a very bad conductor of heat, although heat 
IS rapidly diffused throughout its mass by convection, warm water being lighter than cold 
water In freezing, water expands, the ice bemg about laager than when liquid At the 
boilmg pomt, a given bulk of water is converted into 1600 times its volume of steam Pure 
steam is a colourless transparent gas, about half the density of atmospheric air In its liquid 
state water is a very important solvent and diluent, being of constant employment in chemical 
lahoratones for these purposes , its high specific heat also renders the employment of cold water 
for coohng purposes, and of hot water for warming purposes, very general Water is composed 
of two volumes of hydrogen and one of oxygen, and it may be decomposed into these gases by 
a galvomc current At temperatures between 1000° and 2000° C. water is also decomposed 
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into its constitnent gases Tlie metals of the alkalies and alkaline earths, when thrown into water, 
decompohe it at the ordinary temperature, liberatmg hydrogen When potsssiiim is employed, the 
heat produced by the combination of the potassram and the oxygen is sufficient to cause the igni- 
tion of the liberated hydrogen Many metals decompose water at a led heat, thus, by passing 
steam through a red-hot gun barrel containing iron turnings, a copious evolution of hydrogen la 
obtained Under the influence of light, water is also decnmjMised by clilonnc, forming hj droclilonc 
acid and liberating oxygen Perfectly pure water can only be obtained artificially by distillation , 
when met with in the natural state it is never pure Ham water contains the iinpunties which 
it has contracted by passing through the atmosphere, (carbonic acid, nitiic acid, ammonia, 
hydrocarbons, together with smoke, dust, sulphuric acid, and other constituents of the atmos- 
phere of towns) Spring and nver water is still moie imjmre, as it contains the miner.d con- 
stituents which it has dissolved from the strati, with which it has come m cont.u t Kca water 
contaiJiM l.irgc quantitn s of common s.aJl-, together with chloiidis, .lud snlph.ttcs of sodium, 
maguesi.iiii, jiotassiiiin, auil calcium, togctliei with minute ([ii iiitities of many othii siilistanccs 
SVA'l'Eli, ('OJjOUR DF When tlio bght tiansimttcil by siaivitii is c\ iiiuiied by tho 
Bpectrosco]. , it is seen to be depnved of its led poitioii at small depths, iiul lULcssivcly of the 
yellow an<’ green at grcvtii dcptJis, until it ip])eai's of a violet blue Sunil ii n suits are 
obseivcd 111 an aitihccil giotto in the (iiiiulciiwald gl iciei This cavein is loo metres deep, 
traiispiient in its walls, thiimgh winch the sol.u light pciictiatcs The liglit is of a fine bine 
tint, the led being cxticiiul^ weak, so that m the giotto htiiiiati (oimtcn.Li ( ls assume a 
cad ai crons a-sp^ct On looking tow ikIk the entry, .at a itituii distmce in the cavcin, it 
appi irs to be lit up with a red bglit, doubtless the cllcct of tin contiast Tin tliiikncss of the 
hupcnioscd m.tss IS not iiiou,,li to show a gii vtn tlFcct than tlu ilmost coinphtc ibscncc of tho 
red, .111(1 igicit dimimitiun of the jellow 'I'lic icc is s,ud to bi I 5 in<ticx thick, but is pro- 
Libly h s , it IS ]icif(-ctly comp let and limpid, but with a few ui bubbles 
\VA'''- 111 , LATENT ILK.VT OF S((> Jj>hnt Itml 
WATLlt, hrAMMFiM DENSITY OF See Maumvm of llVo 

WA'l Ell OF OuiTSTAljlilS Vl'iON IVlmy r dun Mibstiims lombiiic m the .vet of 
CT^'tillismg, will one or nioic <.<(mv ih nts of \vit<i, the ((ystilhiu foiin \ lining with the 
umount so fived 'I'lns water is o.dlcd w iter of cijst illis ition oi of lijdi ilioii 'I'liO inimbci 
of ei)uivah iits t ikcii up soiiietiiucs dejiciids iijion the tumj« i iluic it wlii< h tin i))>tT.ition is con- 
diicti (1 hen this watci is so loosely held as to be given oil m an oidui iry diy itmosphtie, 
tin compound is nul to be illfoifoiiit 0 

WA'l Ell JIA-M Tills 111 nhme is used for raising a sm ill qnxiitity of w iti i a gic.at height 
by iiK.uis of a water How below If .a lioii/out il pipe I0 id fiolii the bottom of a eistein and bo 
thisi (I w itli a cock, tho piessure on the elosi d end is ]ii(ipi>i Imn il to the height of the water m 
the cistern above th it end If the cock hi oiieiied, the w it( 1 m the tube will be gr.idii illy set 
111 iiiotion by^tlic ( oluiim of w.iU 1 m tlu eistdii, .iiul aeiiuiii Liu V( loeiLj v hieli tlu Row of 
vv.itei .voiddliavi if the tube li id 110 length, tli it ih, if time wen i siiiqile hoh m the bottom of 
tho ei'teni If now, the cock be* shut, it will L ivi to iisist, not only the piossiuo due todilfoi- 
enee of lei tl, but .ill the moiiieiituni of the iiioviiig in iss of vv iLi 1 m the lion/ont il tube This 
will be gie iter aeioidmg to the h iigtli and dimietei of llie lunizonLil tube The blow given 
by the moving column of wate’ wdieii its iiiotioii is .inesti d — tbit is, the' luoiiu'ntuin of tho 
water — isiisi-vlliithe watii lam is follows A long, wide tube, slightly melnud, is sinjplieil with 
W.ater fiom tho const.iiit souiec At the lower end of tlu tube is i v die wliieli only oiieiis out- 
W aids anil upwards (.‘lose to this, and Bitu.itcd in a sm ill tube entiling the mam }npe, IB 
another valve which opens dovvnwaids and inwinls The hceoiid v.iUe has eonsidoi able weight, 
or IB pressed down with a Bpiiug It iv.ilso so largo lint when down (or open), .1 free flow of 
watui I an pass by it If wo suppose the wide pipe to be full of vv.itei vvliieli Rows out of the 
large valve, this current will press iipw uds and elosc the l.irger valve At thiH mutant the 
whole ot the water 111 the pipe la m motion It is, tlieiefore, Huddeidy Htoppcal, and, by virtue 
of its momentum, it forces open the tenmn-d v.alve thiough which Home watii ih projected into 
the narrow pipe and up it to a level above the higher ciiel of the wide pipe 'J'lie motion of the 
watci being thus cheeked the laigcr valve sinks, allows more water to pasH it so that tho momen- 
tum of the water in the feed pipe accumulates The same proeesH is rcjieated over and over 
again , at each closing of the large valve a fresh quantity of water w forced out of the end valve 
If this latter simply opened into a vertical pilic, the momentum of the w'ater m this pipe would 
have to be overcome To avoid this a provision called an air chamber is made This consista 
of a closed vessel the top of which is full of air Tho valve and exit pipe are m commumcation 
■with the water in the bottom of thia vessel The air yields, by its elasticity, to the sudden 
mRux of water mto the air vessel, and when that inRuc has ceased and the valve closed, the 
compressed air forces the water up the tube. ■* 
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WATERSPOUTS When whirlwinds occur over the sea, or any sheet of water, the sea is 
tossed into waves beneath them, and the aspect of the phenomenon suggests the belief that the 
water is sucked up by the whirlwind Observation, shows, however, that the water earned 
round by the whirlwind is not sea-water but either fresh or very slightly brackish 

WATER WHEELS These familiar examples of the apphcation of water power to 
machinery may be conveniently divided into two classes, namely tliose m which the weight of 
the water, and those in which the momentum of the water is mainly utilised Where the flow 
of water is abundant and rapid but the fall inconsiderable, the “ undershot ” wheel is used. 
The most simple form of this is a large wheel, the spokes of which are earned through the 
circumference and expanded into flat boards or paddles Placed vertically in running water 
so that the lower paddles aic entirely immersed, the water will, of course, turn the wheel round 
when the axis is fixed It is only that paddle which is in a vcitical plane, that is, at its lowest, 
which receives and transmits m a rotary direction the full force of the impinging water 
Those highcrnp are presented oblKiiicly, and, therefore, virtually with less surface, to the stream 
A portion only of the pressure they recciio is rcsolxable tangintially, the rest acts upon tho 
axle of the wheel and is lost Por this re.ison an niideishot wheel is only immerged a little 
depth m the water Its effett is greater the wider an* tho j) uldles To avoid the loss mcuiTed 
by the slipjnng off sideways of the water from the jiaddlcs, before it bas gi\cn its full monicn- 
tum to them, the dnving water is usually collected man irrow channel or trough, into which 
the paddles nearly fit Achlitional force is also gained by using cuiveil paddles or scoops iiisteiul 
of flat boards, with tlicii holldw sides presented to the stream 

The overshot wheel depends mainly upon tho weight of watei, and is employed where only 
a small flow of water is available, but through a considerable height In tins form of wheel 
scoop paddles are used The water is collected into a channel of the width of the scoojis, and 
brought to the top of the wheel where it enters the scoops, which, acting like a senes of buckets, 
weigh the wheel rouud These buckets aio sometimes made moveable on hon/ontal axes, 
parallel to that of the wheel, m such a way that they remain full till they reach uearly to the 
bottom of tho wheel, thus picservnig the same weight throughout thcii descent If the paildles 
w ere flat, each cell or bucket w ouhl, of course, bo emptied immediately aftei passing the hori/on- 
tal position Neither undershot nor overshot wheels are found to do more than from 70 to 80 
2K'r cent of tho theoietical amount of work Tho latter amount could, of couise, only be ob- 
tained by the complete stojipage of the flow 01 fall of the water , and, though giavity would 
ultimately remove the watei w^ieh hid thus lost its moving power, yet the accumulation of the 
exhausted water would be inconvenient 

Horizontal water wheels are occasionally used If a rectangular strip of metal be bent into 
the form of the letter S, and placed between two parallel discs whose diameters are equal to tho 
height of the letter, it is clear that two curved cells will be formed If another such S shaped 
piece be mtroduced (crossing the first) with its curvature in the same sense, four siicli cells 
will be funned, and so on Water which enters such a cellular drum, at or near the axis, will 
reach the circumference by passing along a vv iJcmng chaiiuel with curved sides As its direc- 
tion tends always to be straight, it must pushup against the concave side of the channel through 
which it posses 'llie same takes place 111 all the cells, and the wheel is urged round in the 
same direction by each 

The Bcrew-turlune consists simply of a vertical rml around which is fastened a screw-surface 
like a spiral staircase, of which the well is filled up by a column This screw works in a cylin- 
der, so that there is a spiral chamber from the top to the bottom of the cyhndcr Water 
which flows m at the top of this cylinder, is forced out of the natural or vertical direction 
of its descent Bemg compelled to flow along the screw, its tangential action upon the 
screw must be ei^ual to its own lateral inertia, and accordingly the screw turns round 
The cylinder containing the screw is fastened into the partition between two cisterns, one 
above the other, so that the cylinder remains full of water 

WAVE LENGTH (In Optics ) According to the undulatory theory of light the wave 
length IS the distance between the waves which cause the effect of light, from crest to crest 
The followmg are the wave lengths in parts of an inch of tlio undulations which produce 
light — 

Extreme Red, . . 00000266 Blue, . . 00000196 

00000256 Indigo, , . 00000185 

Orange, . . . 00000240 __ , , 

Yellow, , . 00000227 Violet, 00000174 

Green, . . . 000002 11 Extreme Violet, OOOOO167 

(See Undulatory Theory of Light ) 
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WAVE LENGTH (In Sound ) In order to find the actual wave lengfth in air for any 
particular note we have only to consider the rate of sound in air and the pitch of the note For 
let us ima^ne there to be two points i lOO fet apart, and let one of these points commence at 
the beginning of a second to give out a note consisting of say 422 vibrations jier second. At 
the end of the second the first vibration will be at the second point 11, that is 1 100 feet away, 
the last vibration will be just starting from A, so that there will bo 422 vibrations in the 1 100 
feet, and accordingly the distance between any two maxima of compression, that is, the wave 
length, will be VaV> op 2 feet 7i inches nearly Similarly for notes of other pitcli In general 
terms the length of a wave of any note is directly proportional to the time interval between two 
of its consecutive wave elements, or inversely proportional to the pitch of the note This law 
enables us to determine the velocity of sound m various media by comparmg the pitch of the 
note produced (See Velocity of Sound in Solidii ) 

WAVE LENGTHS GF THE METALLIC RAYS See Metallic Rayt, Ware Length of 
WAVES IN AIR, INSTRUMENT FOR RENDERING VISIBLE Dr Topler has 
devised a method of rendering visible aerial waves {Pogij Ann cvxvii , pp 556-580 ) The 
apparatus which he employs consists of a lamp, a beam of light from which is caused to pass 
through a metallic screen, and to fill upon a system of lenses of from 2^ to 4 feet foc.sl length, 
and of large diameter The screen is arranged so that it c in be moved along the axis of the 
lens, and the la*-ter forms an image of the hole in the screen at a distance of from to to 25 feet 
The image is received upon the objective of a small telescope, and a second screen, with a straight 
sharp edge, is placed at this point If the lens is perfect the entire beam of light is concentrated at 
the focus, and in moving the screen in front of the object glass of the telescope no change m the field 
of the telescope is clxscrvcd until the screen reaches the luminous image, when the lens suddenly 
disapiieara (the astronomical telescope being focussed to give a shaip image of this lens) But 
if the lens is not perfect, if it contains a fl iw, then this will refract light differently from the 
body of the lens , the rays from this flaw wiU not collect m the s.ame focus as the other rays , 
wdieii the moveable screen has nearly reached the principal image, many of the rays from this 
flaw (which otherwise would have reached the object glass of the telescope, .uid thus the eye) 
arc now cut off , hence this flaw appears dark on the brujlit i/round of tlio image of the lens , 
and when the screen is moved down so as completely to cut off the regidar image of the luminous 
hole, many of the ray" *rom the flaw will yet reach the objective, so tint the flaw w>m npjteura 
btight upon a daik r/round As the dist uices Ijctween the different jiarts of this apparatus axe 
considerable (20 feet or more), and as the telescope may be of a liigb power, this matbod is m- 
crcilibly sensitive The object to be examined must, of course, be transparent , if it ls the 
objoct-gl css of a telescope, this forms the piiucipal lens , if a^fl.imc or the like, it is jdaced 
close to the principal lens, between it .uid the telescope Topler has found that perfectly homo- 
geneous glass 18 exceedingly rare , it has usually either filiform flaws (which are easily de- 
tected, <ind but littlo injurious), or flaws throughout its entire mass, api>cnimg m tins apparatus 
as if brushed over by a biaish These very injurious flaw s hitherto were not discovered till the 
lens was almost worked out , by this apparatus they aic easily detected in the glass The 
flame of a Bunsen bunicr shows, besides the three well known parts visible to the unaided eye, 
two others, an exterior large, very well defined cone (consisting of the heated pioducts of com- 
bustion and of a r), and a bn 'lit interior cone resting on the tube as the base, having a sharp 
outhne (consisting of tlic mixture of gas and air licfoic any combustion has jtakcu place) The 
elcctrir s^iarL when produced by the induction coil and allowed to jiass between the electrodes 
shows very interesting and instructive phenomena , of which, however, it would be diflicult to 
give a clear idea m a few words The sound icate in air corrcsjiondmg to each separate spark 
IS, like the sound, a sinyle impulse, it is lieautifully visible as a hrujkt circle or dbipse around 
the source of sound, moving regularly from the centre outwanls A succession of sparks in 
regular intervals, gives moving circles of light The spark from a Leyden jar gives a sharp 
sound, and one increasing circle of light, one sound wave That this is a sound wave Topler 
proved by trying in vain to blow it aside by a feeble current of air, and also by finding it pro- 
gress more rapidly m heated air But more interesting yet is his cxpennieiit on the reflected 
BOund-wave Suspending a glass plate from the brass electrodes by means of corks, he saw in 
lines of light precisely the same phenomenon which wo observed when circular waves of a liquid 
meet a pl^e wall , they are reflected as circles described from a point as far behind tho obstacle 
as the origin of the wave is in front of the same By placing the electrodes cither in the axis 
of the apparatus or at right angles to it Topler found that in the farst case the lines were 
elhptical, in the latter circular, so that the wave is a surface of revolution around the electrodes 
as an axis It may well be said that by means of Toplcr’s apparatus we see the adund, in 
Chladni^ and even in Kundt’s expenments wo only see tho motion imparted by air to some 
other body, not the motion of the air itself For the apphcation of this method to the micro- 
scope see Topler’s article in Pogg. Ann,, also StUiman’j Jowmal, vol. xlui., p. 390. 



WAV 


574 


WEA 


WAVES IN LIQUIDS If the circular end of a solid cylinder be placed on the surface of 
a bquid at rest, and then suddenly depressed, the dopression of the water beneath the cylinder 
will not cause an immediate, general, and uniform lifting of the whole of the rest of the water’s 
surface , but the water will be raised in the neighbourhood of the liquid in the form of a cir- 
cular elevation or wave, which travels m an expanding circle, of which the cylmdei is the 
centre Similarly, if a cyhnder be immersed m a vessel of water at rest, and then raised, the 
cyhnder’s place will be immediately occupied by the neighbouring water, which will thereby 
form a circular valley around the cylinder, and this volley will travel m a widening ring in the 
same manner as the wave of elevation in the former case When, therefore, the cy linJer is 
raised and depressed at regular intervals, a succession of such circular waves of elevation and 
depression will succeed one anotlier, and a senes of waves will be formed Tbe waves ni this 
case diminish in intciHity as they iccedt from the ceutial source If the liquid be confined in 
a straight trough, the diminution by rwhation is preiented, and the only decrease in the wave's 
intensity (height) as it travels is due to fnetion Such a straight reetangiihor trough is eou- 
vement for studying the phenoineua of wav es if its sides are of glass If wo imagine a wave of 
elevation, followed by a wave of ileprcssion, to tiavel from left to right, a particle of the liquid 
surface will perform a complete circle m the direction of the hands of a watch as the complete 
double wave passes by, the upper half of the ciicle being completed dumig the passage of the 
elevation, and the lovvei half duiing that of de]>ressnin The piitielc will be at its ongmal 
level for a moment when the fiist half (of the double wive) has passed by The height of the 
wave from the Ixittom of the vail jy to the toj) of the hill is the di.iiiietei of the citcle peifoi med 
by such apai-ticle, and a line joiiniig the centres of all such (ireles m the ongmal surface of tbe 
Iniuid If we examine other points of the surf.ice of the liquid, vve hud that, while one p.utiele 
has performed a complete eiiele, the wave has jnogiessed th.it is, b(jme of the neiglibouiiug 
particles to the light have pirfonned jiarts of tliiu tueiil u p iths, more or le<s eoin])li te accoul- 
ing as the dist.iuee fioui the lust jurticlt is less oi gre.itei The pu tides aic said to bo in dif- 
ferent “ phases ” of motion 'J'ho length of the wave is usu illy eon-nlered vs the distance fiom 
bumuut to summit of iieighbouiiiig waves, or fiom valley to valley The height of .i viave is 
1 et honed fioui top of tin lull to bottom of the v illey This is do uly tli<> di imetii of thocn iilir 
pathdesenbedby ajiu-tiele, vnd vs lallcil the amplitude of the ]mtKh*’s motion, or ■implitnde of 
the undulation That jiaitide whuh is a whole wave length, iiillie diieetiwi of the w.ive’spro- 
giession, fiom the jicVi tide which his come t<j its ongm.il position, is just eomineneiug to iiso 
and advance , tint one at h ilf i w lie’s length li is j>eiformed tlieiq)pei half of its ciiculni path, 
and IS on the same level is it vv is to begin with, but ulv iru i d to tin nglit a distanco cipial to 
li ilf the wave height, iiid so oc In .such a senes of waves we 1ia\e siqijiobiil the motion to be 
bymmetneal - that is, tbe p utieles move in tildes Tins is not ibvays the ease Indeed, most 
fiequontly the particles move iii ellipsis, whose mijor axes aie hoivontil oi vcitical, at cording 
as the wave length is gieatei oi less in piopoitioii to tbe amplitude, than it ib in the else of 
circular motion In pU eises where dostd eiuves are di '•tubed, the vv iter docs not cadvvnco 
with the wave pemiaiienlly — th it is, a body lloatmg on the w iter will not eliift But when 
the water is urgeil mtti motion by ,i violent impulse, as by a high wind, the patha of the pai- 
tides are not ' lost d, a' d the do iting body w ill diift 

\\ ATT’S if AHA LI .V L SIOTION See rinalld Mofwn 

WAX A name a])plied to a gieat many bulishiiiees ot .luiilar jiropcrtics, of which bees wax 
may be taken as the type d’his is a yellow, tough, solid biibstanie, insoliiblo in waiter, soften- 
ing with he it, ind becoming hejuiel below Ibo boiling jHiint of vv iter It may be blevclieil by ex- 
posure to tbe atmosphere III tbm sin eds It is a imxtuie of seveial neiitiiil bodies and fatty aeida 

WEA'fHER Ihc eoinhtion of the atmosjjheie at my place, as respects linmidity, tempera- 
tuie, motion, deetneity, &c (See Atuwsphii c , Climalu, Chnnl. Dlw j Forj , Smii , had, 
Trmtfs, Ifiiijiointttr, &c 

WEATilEil-ULASS The weather-glass consists of a syphon barometer (which see), upon 
the mercury of whose shorter liiub doats a plug of glass This ping is jiartly counteriioised by 
a smaller weight, which is connected with the floating plug by a silk thread passing ov er an 
easily moved wheel The axis of the wheel boars an index, wlueh nmves over a circulai face 
AVhen the atmospheric pressure increases, the height of the mereun il column m the closed end 
is raised , the mercury in the shorter open end smks, and, consequently, the heavy weight which 
floats upon it smks and lifts the lighter weight at the other end of the string, turning, as it does 
so, the wheel round which the stiing is wound, and thereby moving the index When the at- 
mospheric pressure dimimshes, the supported column is less, and therefore more mercury enters 
the open end, floating up the heavier glass weight, and therefore moving the wheel and index 
in the opposite direction As air charged with aqueous vapour is hghter than dry- oir (see 
Wei(jht of Gates), a fall m the barometer often indicates a partial saturation of the air with 




WEA 


575 


W^I 


vrater, a state of things which, of course, frequently precedes a condensation of watery vapour 
— that is, ram When a mass of air is moving with great velocity in the neighbourhood of the 
barometer, the surroundmg air seeks to supply the pl^e of the moving air, and thereto be- 
comes less dense As sneh rapidly-moving aenal currents are usually accompanied by rtorms, 
one may regard the sudden “fall ” of the barometer as a precursor of ram or of other violent 
atmospheric disturbance, and hence its use as a “ weather glass ” 

WEATHER-PllEJJICTION In all ages men have endeavoured to elucidate the laws in- 
fluencing weather changes, and to deduce rules by which to predict such changes The attempt 
hitherto has not been very successful, except m so far as the aiitici]iatiun of the progress of well- 
marked storms already in progress is concerned (See Storm Wiiriiiiirj^ ) 

The popular weather-tokens are for the most part founded on real laws of atmospheric change, 
but scarcely any of them afford, strictly sjicakmg, more than aii argument from piobability 
Perhaps the evidence derived from the motions of the emus clouds is tliitwliub, if iiglitly 
studied, would enable us to anticipate most satisfactorily the futnie eondition of the weatlier, 
bc( luse m many instances the motions in the upper iigion of the nr nulieate those which will 
presently pi ( vail in the low el Eorthe- ' ’ ' ’ lation of oi dm uy weather prognos- 

tics, th( reader is leferied to Sir Uiimpl I ‘ 

The teieliings of tho lii/i/iomcUr, itul tin iiioniitci , a.'i to the condition of the air, 
studied w ith < irefid lefen nee to the past progress of we ithei ehaiigcs, to the jiiesent i>peet of 
tile sky, the direction of the wind, and the liki , undoubtedly allot d, in in iny iiist inec s, veiy 
sure me ins of intici]) ittng ij pio icluiig m athi i ibangcs Hut imicli e iiefnl study of the sub- 
ject IS still neeess uy befoie souml iiul gciieial laws CiUi bo i st iblisla d 

'I'he iiiflueneo of the moon on llu we ithii h is been miieh ilebati d, . ml wink the onlmaiy lules 
oasoeeiting the lunar pluisf s with wcathei v iiiatmiis L i\e been sluoMi to be ilto„i thei uuteu- 
able, it Ins yi t not been thought wholly impo-.sible th it Uu* moon sboiilil evert otlu i iiifliieiieis, 
im m dispeising clouds, <^e Isii John llerse'iel and Aii^o have, indeed, issi^iied to the moon 
an mfliuTiop of this soit, nnd "Vli Piik ITiiiison, fioin a i infill study of the (iruiivviili 
mcteoiologu al mold-, Ins shown that tliire is at (Jieeiiwiih an a)i]iieaible teiidimy to eloml 
dispirsion shortly iftir full moon Sehublei, iftii sixtuii yeais ob in ition, lias foiiiid that 
winds fioin the south a d west iiitie ise in fiiquciKy dnniig the moon s liisli|n iili i, wink winds 
from tin ninth and i ist neat imvxiiniiiii dining the moon's last i|uiitti I’lit Ikesu iidluuKes 
nio too liie il m till ir cli n letei to be leg ink d is demoiisti iLing tlu moon s nilliiem e M i lUv- 
cnikll,of Itraiuke-itei fiiidsfiotii the Petnsburgobseiv xLioii-., tk it c h uigi ■< t iLi pi u i atSt Ikteis- 
bnrg jiipi isily iqiposiU m iliaracter to those iiotitiil by !Mt Him on in tlu Hu i iiwiili jieinds 
Wl'lIHH'L' OF HASHS It i foiiml (see Lhi tied the vnliime of a m.iss of 

any gMs v iius sliiiost e\ letly in the mioiso ritio of the pu ■.sini to wku li it i-, '•iibji cted Abo, 
tli.it ill g LSI s oxp mil veiy lie iil}'^ exaitly' the s line fi let urn of tlu ii volumes foi eijii.il iiu le ises 
Ilf tempeialliic' (See Ihiil , I ij/iikmoji hJ fiiivi < ) It follows tli it eonip iiisoii between tlie le- 
litiv e ikjisitiis of V inous g iscs cm li<> made at iny Uiiipii iLiiii mil pii' me, suite all uu 
alleited dike, Tlu’ aetu il weigbt of a giieii volmiie of i g is hiving bieii asieitimeil at a 
givin piessuie'and teiniieiatnie, the wiiglit of the same volimu on the volume of tlie same 
wei-,ljt at my other pussnre or ti injiei itni e cm lie rilinlitid, mil, foi tlu sake of iiiiifoim 
compaiison, till" enlist nit ti nipei iture 2 >-' P wid 30 iiiiliis biioimtiie piessiiii aie usually 
taken 'I'ke weight of i gas 111 eonqiauson with hydiogeii, if eijii il v oliimen of them an tikin, 
or the speiific gnvity of gises, is it mice known if we know tlu itoiiiu weight of thi ikments 
Ilf whiell 11 g Is 1 , composed, Hie liuiilbi 1 of itnins toneeineil ill tin 1 oinpositinil of the g is, 
and the coiitiai till i which the loiislitiKiits uiiileigo 111 eombiiimg together Thus the atomic 
wc'lght of ovygtn (in eompinsou with hjdiogen), is 16 AV.iti i is foniied wlieii tw'o 
volumes of hyilingen unite with one volume of ovygi 11 And the tliiee volumes of the mixture 
contract 111 uniting to two volumes, theii^fore two volumes of Viijioin of vv iter or ste im weigh 18 
times as inueli as a volume of hydrogcu, or one volume of sti ini vveighs y times as imuh , the 
Bpeeifie gravity of Bte.im is theiefoie y Agiin, equal volumes of ihloiiiie mil hydiogin unite, 
Without contraction, to form hjdrothloiic and The atomic weight of chlorine is 5 There- 
fore 36 5 is the weight of two volumes of hy JroeLliiiic aenl, or tlu spieihe gravity of hydro- 
chloric acid IS 16 25 The sjiecific gravities of simjile gases iie, of com si , tlicir itoime weights. 
In order to obtain the specific gravity of gancH ic fined to an, we have to divide then, sjieeihc 
gravities, in regard to hydru<|^n, by the sjiecihe grivity of air, which is 14 5 

WEIGHT TH KKMOMETER This iiistiumeut was used by Dulong and Petit m many 
of their inv^estigations It consists of a glass flask, capable of lioldiiig about half-a-pouiid of 
mermiry, the neck of which is a capillary tube thiee or four inches lung, bent generally twice at 
nght angJ.eB The glass vessel is accurately weighed, and then completely filled with mercury 
at 0° C , and weighed again. Thus the weight of mcreory contamed in it is known. If tho 
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Infitniment tw now exposed to a warm temperature, the glass and the mercury both expand, 
but the mercury expands hy a much greater amount than the glass, and a portion of it is ^ven 
out of the capillary tube and is collected in a capsule arranged for the purpose The weight of 
the mercury expelled is then determmed The amount expelled is simply proportional to the 
number of degrees of temperature through which the vessel has been raised, on the supposition 
that mercniy expands uniformly m glass , and it depends upon the difference between the rates 
of expansion for mercury and glass , and having once determined the coefficient of apparent 
expansion for mercury enclosed m the particular glass employed, it is easy to calculate the 
temperature to which the thermometer has been raised 


WEIGHTS, AT 0 M;IC, 
Aluminium, 

OF ELEMENTS 

2734 

Molybdenum, 


96 00 

Antimony, . 

. 12200 

Nickel, 


39 00 

Arsenic, 

Bonum, 

7500 
. 13700 

Niobium, . 


9400 

Bismuth, 

. 21034 

Nitrogen, . 


14 00 

Boron, 

10 90 

Osmium, 


199 00 

Bromine, 

Cadmium, 

8000 

Oxygen, 


16 00 

11224 

Palladium, 


106 50 

Caesium, 

13300 

Phospborus, 


31 00 

Calcium, 

4000 

Platinum, 


197 lO 

Carbon, 

12 00 

Potassium, . 
Rhodium, 


39 10 

Cenum, 

9200 


104 30 

Cblonne, 

3550 

Rubidium, 

Ruthenium, 


85 30 

Cliroimum, 

5248 


104 20 

Cobalt, 

5874 

Selenium, 


79 50 

Copper, 

. 6350 

Sibcou, 


28 00 

Didymium, 

9600 

Silver, 


108 00 

Erbium, 

11460 

Sodium, 


23 00 

Eluonno, 

1900 

Strontium, 


87 SO 

Glucmuin, 

930 

Sulphur, 

Tantalum, 


32 00 

Gold, 

Hydwgen, 

. 19666 


182 00 

1 00 

Tellmiuin, 


129 00 

Indium, 

7200 

ThaUium, . 


203 00 

Iodine, 

126 82 

Thonuum, . 


238 00 

Indium, 

. 197 00 

Tin, 


118 00 

Iron, 

56 12 

Titanium, 


50 00 

Lanthanum, 

9200 

Tungsten, 


184 00 

Lead, 

. 206 91 

Ur.imum, . 


120 00 

Litluum, 

7 00 

V'Miadium, . 


51 30 

Magnesium, , 

. 2432 

Yttnum, 


61 70 

Manganese, 

SSoo 

Zme, 

Zircomuin, 


65 00 

Mercury, 

. 2 CX 100 


89 so 

WEIGFTS See Metric System 



WENHAM’S PRISM 

A gloss prism of a 

[Ksculiar form which is 

placed immediately over 


the object glastf of a compound mioroaoope, so as to divide the bundle of rays coming through 
it into two halves, one of which is allowed to proceed as usual along the mam body of the mi- 
croscope, whilst the other half is reflected obliijudy along the axis of the secondary body This 
arrangement is now usually adopted to obtam a stereoscopic effect m the compound microscope. 
(See Jhnondar Microicope ) 

WHEATS'rONE’S BRIDGE See Bridye, Wfteatstone’s 

WHEEL AND AXLE A modification of the lever, consistmg of two cyhnders of dif- 
ferent radius having a common axis, the smaller being termed the axle, and the larger the 
wheel A cord is wound round the wheel in one direction, and another cord round the axle 
in the opposite direction The weight is attached to the latter, and the power is apphed to the 
former When both the power and the weight are vertical, and we consider the machine at 
Been m the direction of the axis, we have two parallel forces actmg at the extremities of two 
arms of a lever whose fulcrum is in the axis The condition of equilibnum is, therefore, 
that the power multiphed by the radius of the wheel shall be equal to weight multiplied by 
the radius of the axle 

WHEEL BAROMETER See Barometer. 

WHIRLWINDS See Winds y 

WHITE CAST IKON. See Iron, Cast. 
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WHITE LEAD See Cwi^m . Carbonate of Lead 

WHITE LIliHT, RECOMPOSITION OF See Reeomjmition of White Lijht 
WHITE PRECIPITATE See Mercury, Chlorides 
WHITE’S PARALLEL MOTION See Parallel Motum, 

WHITE VITRIOL See Sulphates . Ztnc 
WILLOW LEAVES, SOLAR See Sun 

WIN CH A modihcation of the wheel and axle, the power being applied by means of a 
rectangular lever or cranked handle It is used for drawing water from wills, foi turning 
wheels, lifting weights, and for a variety of common purposes Steam vuiichcs aiu niULh used 
for lifting cargoes from the holds of vessels 

WINDLASS (The origin of the latter part of the word is doubtful It was formerly spelt 
windlace, and this jxunta to wind (verb), audlau. (noun), as the component words Tlie Dutch 
equivalent, iiowevir, is lundns, from viinlen, to wind , and ai, an axis ) An apidication of the 
wheel and axle It usually consists of a honvontal axle supported on props, so as to bo capable 
of revolution about its central line, and a winch the irni of which icprcstuts the i idiiis of the 
wheel One end of a ropo or chain is attacheil to the axle, and the other end to the weight , 
thus, by turning the winch, the rope is coiled on the axle, and the vVeight is laist^d The wind- 
lass Used ill shuis for raising tne anchors consists of a stiorig beam, of wood plaicd horirontally, 
and Mupiioitcd at its ends by iron spindles The beam is piiiccd with boles dircited tow vrds its 
centre, in which long levers or handspikes are inserted for turning it louuj when the anchor is 
to be raised 

WINDS The movement of the air m ennents from one place to another 
Speaking gciicr illy, all winds aic caused by the laiiations t iking place continually in the 
condition of the air as respects licit and moisture, niid then fore is icspects raiity When the 
airovei a given place becomes laichud, that is, when the itinosplu no pressure there Incomes 
rclitively biii.ill, that region at once becomes a eentic towaids w'bich inflowing aircurients 
direct themsi Ives Accouling to the nature, extent, mil continuance of this diminution of 
piessiiro, the nature of the icsulting aircurrcuts vanes within vtiy wide limits 

Taking hrat a relation iiffecting the caith as a whole, wo havi' in the excess of heat at the 
earth’s cipiatorial regn ns the cause of the ivenninent or quasi pcimanunt winds called the trades 
Hid the counter tracles The air at the oqu itor becomes lare tlirongh the gn'at hi it coiitmually 
loured iqion this pai t of the eai th's sui face Ihus tbcie is a coutiiiiial indTuight towaids this 
region of excessive heat This indraught cannot lie supposed to conn fiom polir rigions, but 
Tathui from the tcmpei ate and Hub tropu vl rt'gions which be ncaio# to the ngum of gicatcst 
icat If the earth were not lotating, the an thus flowing towaids the cquatoi wouhl simply 
ravel southw lids ill the uoi them hcniisphcic, and northWiinls m the southeiii Hut as the 
Birth is rotating, and thest air currents art flowing fiom latitudes wheic the motion of rotation 
s less to latitudes whero this motion la gieatei, the air Hcems to lag against the direction of the 
eaith’H motion, or to come from the east, (since the earth’s rotation is towards the east ) This 
lag, combined witli the motion towaids the equator, causes these winds to be ninth e<isteily m 
the northern hemisjiheTC and Houtli easterly in the houtliern 

Such aic the t adc winds, though it must be carefully borne in mmd that these wunds are by 
no means in reality iierinanent Captain Mauiy jioints out that they are often replaced, even 
in the so-called tiudc latitudes, by winds blowmo m a contraiy direction 

Since there is this tendency to the prevalence of winds towards the equator, it follows neces- 
sarily that the air above equatorial regions must be, for the most part, piwsiiig away towards 
higher latitudes , and for a reason precisely similar to that which causes winds blowing towards 
the equator to lag towards the west, winds blowmg from the equator would appe r to hasten (in 
I dvante of the earth’s rotation, that is) towanls ^he cast Thus, then, we have ordinarily in 
“V" he regions of air above the traile winds south-westerly winds in tho not them, and north- 
^ esterly winds in the southern hemisphere 

In tho temperate and arctic regions we do not find so marked a tendency towards the exist- 
ce of permanent winds as in tropical and subtropical regions Yet, on the whole, there is a 
adency to the prevalence of south-westerly winds north of a region of fretjuent calms, which, 
arks the northern limit of the trades, while south of a similar southern region of calms 
icre is a tendency to the prevalence of north westerly wmds 

Next to tlie trades and counter-trades in importance, and m their tendency to permanence, 
•• e must reckon land and sea breezes The ongin and nature of these are easily explained. 
The temperature of the sea vanes much less during the day than the temperature of the land. 
Aus, dunn^the heat of the day the sea is cooler than the land , at night the sea is warmer 
than the land Hence, in the day time, tho air flows in from the tea to supply the place of the 
air which rises from above the heated land, while at night the heavier air over the cooled land 
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flows tow'ards the sea When the land la hottest, the aea breeze flows with greatest force, t 
the land breeze attains its greatest force during the coldest part of the night 

Monsoon winds, which may be regarded as a modified form of trade wind, have been alrea 
dealt with ^See Monsoons ) Other winds also, depending on the existence of such regions 
the Sahara desert, &c , have been described under the heads Etesian Winds, Samid, Sirocco, & 
Hurricanes or cyclones, called also tornadoes, typhoons, &r , originate in causes operati 
suddenly and effectively over a wide extent of country , but once started, these storms indicai 
in their progress the operation of cosmical causes It would seem that all true cyclones hav ’ i 
their origin in sub-cquatonal regions, but not at the equator itself Nor, again, has any huri ' 
cone been known to cross the equator, though it has happened that two have raged at t 
same tune on opposite sides of the.equator, and m the same longitude Commencing with 
inrush of air fiom all Bides towards a ccntial region of rarefaction, it is easily sCeti tha 
rotatory motion must needs be communicated to the resulting atmospheric disturbance Fo 
we consider a definite region in the northern hemisphere towards which air is nishnig fron 
Bides, we see that the aar coming from the north would be deflected towards the west be 
reaching tlm centre of disturbance, while the air coming from the south would be deflected ' 
wards the east And all the air-currents with northing would exhibit a wcsUily displaccir 
of greater or less extent, while all the air currents with southing would exhibit an casti^j 
deflection Thus the region of air would be moved by westerly forcesm its noi-tliern half, and b_, 
easterly forces in its southern half, and so would exhibit a rotation opposite to that of the hands 
of a watch placed face upwards on a map of the region And throughout the jnogress of a 
hurricane in northern latitudes, this form of rotation is exhibited On tlie otlici hand, m 
southern latitudes the rotation is in the reverse direction 

Cyclones, besides that whirling motion which constitutes their cliaracteiistic pccuhanty, 
exhibit also a motion of translation, sometimes very r ipid, wliicli cmies them from the cipiator 
first westwards, and afterxvards castxvards, along paths coiresponding closely with the (ourse of 
the principal oceanic currents 

Cyclones vary m size from 50 to 500 or 600, or oven 1000 miles m diuiu ter, and tiavcl a'' 
rate varying from 9 J to 45 miles per hour, but the velocity of the whirling motion is often 
greater ' 

(See further Dovd on the Distribution of Heat, and on the Lans of Storms , ATauiy’s Physic 
Gcoqi aphij of the SiM , the third volume of Taylor's Scunltjic Mtmuiis, Espy's Plulosophy Oj 
Stoims, dc 

WINNECKE’S COMEf See Comet 
WINTEll See Seasons 

WINTER CLIMATE Sec /aor/icinienni, Isothcinial, Climate, Lc 
WITHRRITE Hoe Carbon, Carbonate of Dm iiun 
WOLEHAM See Tungsten 

WOODBURY TYPE See Photographic Engraving 
WOOD TIN See Tin 

WO ttK A force is said to do work xvhen it moves the body to which it is applied, and the 
■work 13 measured by the product of the resistance ox-ercome into the space through which it is 
overcome ’ The amount of work done in raosing a weight does not depend only on the weight, 
but also on the space through which it is lifted (See Foot-pound ) When woik is done by 
means of a machine, the work done at the one extremity is exactly equal to that apidied at tha 
other, passive resistances such as friction being neglected Thus, if we cunsKler a lever with 
arms 4 ft and i ft respectively, we find that a power of i lb will support a weight of 4 lbs , 
but if the weight be raised i ft , the jiower must descend through 4 ft , so tliat the work done 
at the two extremities of the lever is the same If a foice always acts m a direction perpen- 
dicular to the direction of motion, it does no work , thus the pressure of tbe horizontal planed! 
on which a stone is rolling, the tension of a cord to which a pendulum bob is attached, th^ 
attraction of the sun on a body descnbiug a circle about the sun as centre, are all examples ot , 
forces which do no work (Sue Energy, and Maekme ) 

WORK OP THE BODY See Muscular Power 
WROUGHT IRON. See Iron, MalleaEle 

X 

XANTHIN A name apphed to some yellow colouring matters of vegetable ongm. 
Fr^my and Cloez called the insoluble yellow colouring matter of flowers by this name , whi&t 
Schunck and Higgin used it to designate a yellow substance from madder 

XANTHINE qr XANTHIG OXIDE. An orgomc body found in urmary concretions, and 
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<ared in many ways from animal substances Its fomiiila is It is a white sub. 

ice almost insoluble in water and forming crystallisable compounds with both acids and 
es 

•.YLENB or XYLOL, a hydrocarbon homologous with benzol and toluol Formula 
rtio It IS a colourless liquid of a faint tarry odoui, boiling at 139° C , spoLific gi ivity o S6 
'Inline (OgHnN), la the artificial alkaloid, homologous with aniline, prejuied fioni 'cylol by a 
nilar senes of reactions to those employed in the preparation of aniline from benzol 
r 

Y 

wi rEATt (Sanscrit yra, to surround ) The period occupied by the earth in completing one 
eqi uit of her orbit According as the circuit is considered with reference to diffciciit ft iturcs 
wh ho orbit the Iiugth of the year vanes Thus there are the following different oiders of 
of r — 

wL T/ic Sidfteal IVnr This is the mean interval occupied by the earth in so completing a 
th cult that the radial line fiom the sun to the caith points to exactly the same put of the 
^ ostial splieii at the end as at the beginning of the circuit Its length is 365d 6h gm 
) Os 

2 The Tinpiuil Year, is the mean interval separating the siicccssivo passages by the caitli of 
the equinoctial point of her orbit As this point w continually retiogr-iding (si e Pnoctsun) nf 
Agitmorrs), the trojiical year IS less than the sideteal ycir It is to be noticed that if the 
tiopical year were measured from the autumnal equinox or from either solstice, its length would 
not bo precisely the same as when it is measured from the vernal equinox, bLcausi of the vaiy. 
mg velocity of tlic earth m her orbit The tiopical jeav contains 3G5 il 5 h 48 m 48 6 s 

3 The Year is the interval separating successive passages by the isiith of the 

penhelion of her orbit As the pevihclion is continually aiKancing, the anomalistic year is 

I lightly longer than the sideieal year , its mean length is 365d 6b I3ni 49 3s 
The Cl') il Yinr is the year of tlio Ctilrudai, {i/t ) 

The Jidtan Ye/tt is the year of the Julian calendar, or 365 i days 

The f/itnar Year is a peiiod of 12 lunai mouths, or 354 days It is still used by Jews and 
Mohammedans 

YTTlllUM A rare metallic element, the basis of the earth Yttiia, and associated with 
Erbium awl Terbium (winch sec) Atomic weight 61 7 Symbol Y Its cuiu]>ouuds aio 
ummportant 

z 

ZAFFRE The commercial name given to an impure oxide of cobalt containing silica. It 
IS used as a blue colouring agent foi pottery purposes 

ZAUEACl (Arabic ) The star 7 of the constellation Eridanus 
ZAVIJAVA (Ar.ibic 1 The star /J of the roiistellation Virgo 
ZENITH (Arabic ) The point immediately overhead 

ZENITH DISTANCE The distance of a star from the zenith , or the complement of its 
altitude, (q I ) 

ZENITH SECTOR An instrument of great importance in astronomical observation It 
IS constructed for the obseri ation of stars which pans close to the zenith, and measures their 
nearest approach to that point At this tunc the place of such stars is not aiiprcciably affected 
by refraction 

ZERO, ABSOLUTE See Absolute ^cro of Temperature 

ZINC A metalhc element of a bluish white coloui , somewhat brittle and crystalline, but 
malleable when hot, and tolerably permanent in the air Specifac gravity between 6 9 and 7 2 , 
it melts at 412® C (773" F ) and boils at a full red heat, burning m tlie air with a brilliant flame 
Atomic weight 65 Symbol Zn Owing to its permanence in the air it is much used for slight 
building erections, both alone and as a protecting coating for iron, under the name of galvanized 
iron Zinc dissolves easily m acids with evolution of hydrogen, and is largely used for scientific 
purposes, as the positive element of galvanic batteries, and for preparing hydrogen Zinc forma 
one oxide (ZnO) which is a white insoluble powder uniting with acids to form zme salts (sea 
the respective acids) , it is prepared on the large scale for use as a pigment under the name of 
zinc whit<“, and is superior to white lead in not blackening with sulphuretted hydrogen, ondm 
being non-poisonouB. 

ZINC GLASS Sdicate of Zinc. 
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ZINC VITRIOL See Suljihates, Zinc 
ZINC WHITE See Zinc 
ZIRCONTA LIGHT See Lime Light 

ZIRCONIUM The metallic basis of the rare earth zirconia Atomic weight 89 6 Symbof 
Zr Z11 ton Ki (ZrOj), is a hard white powder much resembling silica. When ignited intheoxy- 
hydrogen blow pipe, zirconia emits an intensely brilliant light, and, owing to its non-volatility 
zircoiiii cylinders .ire now used instead of lime m the lime light Thu silicate of Zirconia 
(ZrO^SiOg), IS the piccious stone Zittoii, Jargon, or Hyacinth 

ZODIAC {i’wStaKht, from i'uSiov, dim of iwop, an animal ) An imaginary belt on the 
heavens centrally divided by the ecliptic on either side of which it extends to a distance of 9 
degrees It is divided into twelve eigni, called m order Aries, Taurus, Cemini, Cancer, Leo, 
Virg'o, Libra, Scorpio, Ragittamis, Capneomua, Aquarius, and Pisces (See these severally ) 
Much discussion has talcen place respecting the ongm of the zodiacal signs and the ejioch of 
their invention , but the subject has never rewarded its investigators with any result worth a 
tithe of the p.uns they h,a\c taken See Dupuis, Minunre sur 1‘Origine du Zodiaijue, Badly, 
JlntoiK tie I'Aetronomie Ancitnne 

ZODIACAL LIGHT In astronomy a faint light of a lenticular shape, seen along the 
zodiac near the place of the sun shortly aftei sunset and before sunrise It is inclined eight or 
nine degrees to the echptic, and some astronomers consider that its mean plane is that of the 
sun's equator 

It has boon shown by Laplace that the zodiacal light cannot be a solar atmosphere. No solar 
atmespheie could extend farther than one thud of the way tow.irds the orbit of Mercury, 
whereas the zodiacal hght extends farther than the 01 bit of Venus, if not beyond the 01 bit of 
the earth 

Tho h>potheais usually adopted is that which regards the zodiacal light as consistmg of 
multitinles of minute bodies travelling around the sun Though sejiarately invisible these 
bodies would be collectively visible just as the Milky Way can besom, though not its component 
stars But the hypothesis according to vvhic h the zodiacal light is rcgaidcd as due to bodies 
travelling in nearly circular orbits around the sun can hardly be admitted m the face of what 
we now know respecting the actual motions of the meteoric systems '(Kee Mcleora, Lumvnova ) 
liemenibenng that the orbits m which these systems revolve are for the most part very cccentno, 
and extend into apace far beyond the orbits of Saturn and Jupiter, we must explain the porma* 
nence of the zodiacal light as due to a permanence in the general condition of that portion of 
space the light belongs to, not to a penuaneuce in the actual constitution of the systems fron 
which the light comes DoulRless the meteois which at any one time supjily the light, pass far 
away presently into space But as their place is supjdied by others the zodiacal light remains 
However, it cannot but be seen that ibis explanation involves the recognition of the possibility 
that at times noteworthy changes may take place in the appearance of the zodiacal light This 
accordmgly has be< n found to be the case 

The zodiacal light has sometimes been seen on both sides of tho heav ens, and even for 
complete arch from the eastern to th^ western horizon This corresponds with the expl 
we have I .re given , smeo at tunes the region of space outside the earth’s bit migl 
thickly peopled with meteoric bodies (and we know it is always more or less densely s 
with them), as’to send light even from those parts of the heavens whence usually only suj 
planets in opposition reflect light to us 

ZODIACAL LIGHT, SPECTRUM OF The Spectrum of this light has been obser 
by Angstrom, who found it to be almost monochromatic, exhibitmg a single brillaiit band 
supposes it to be identical with the spectrum of the Am ora Jioreaha (which sec) 

ZOETROPE See Perautence of Viaion and Phenakiatoacope. 

ZOSMA (Arabic ) The star S of the constellation Leo 
ZUBEN EL CHAMALI (Arabic ) The star j3 of the constellation Libra 
ZUBEN EL GENUBI (Arabic ) The star a of the constellation Libra 
ZUBEN EL HAKRABI (Arabic } The star 7 of the constellation Libra. 


THE END, 


SAMSON AND (OMPANY, PBINTNHB, BDIMBSTR,, „ 








